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RECEIVED 



anticipated by Simonet et aL, CeU (1997) 89:309-3 19 (hereinafter "Simonet"), and claims ^<*N7B? 76{«j^gg 

32-35 are rejected under 35 U.S.C. § 102(a) as being anticipated by WO 97/23614 

(hereinafter "the '614 publication"). Finally, claim 36 was withdrawn from fiirther 

consideration because, according to the Examiner, claim 36 is drawn to a non-elected 

invention. 



Specification 

In the Office Action, a substitute specification excluding claims was requested 
pursuant to 37 C.F.R. §1.1 25(a). Accordingly, Applicants submit herewith a substitute 
specification under 37 C.F.R. § 1.125(a) reflecting the amendments presented in the 
Preliminary Amendment filed June 23, 1999. The substitute specification, as set forth 
under §1.1 25(a), only contains subject matter from the original specification and is 
accompanied by (1) a statement that the substitute specification contains no new matter, and 
(2) a marked-up copy showing the amendments to be made via the substitute specification 
relative to the specification at the time the original specification was filed. The substitute 
specification corresponds to pages 1-86 and page 91 of the specification as originally-filed 
and is exclusive of claims, drawings and sequence listing of the originally-filed 
specification. 

In compliance with the request in the Office Action, amendments to the abstract of 
the disclosure are set forth herein in the enclosed substitute specification. 

Applicants note and thank the Examiner for acknowledging the claim made for 
foreign priority in the instant application under 35 U.S.C. §1 19(a)-(d) to JP 54977, filed on 
February 20, 1995, and to JP 207508, filed on July 21, 1995. A certified English translation 
of each application was filed in parent application U.S. S.N. 08/915,004. 



Claim 35 is rejected under 35 U.S.C. §1 12, second paragraph, as being indefinite. 
Applicants' amendment to claims 35 should satisfy the Examiner's concern in this regard. 



RESPONSE 



Claim Rejection Under 35 U.S.C. SI 12. Second Paragraph 
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Claim Rejection under 35 U.S.C. §102 



Claims 32-33 are rejected under 35 U.S.C. § 102(a) as being anticipated by Simonet 
and claims 32-35 are rejected under 35 U.S.C. §102(a) as being anticipated by the '614 
publication. 

Applicants respectfully submit that the instant application claims priority to JP 
54977/1995, filed on February 20, 1995 and JP 207508/1995, filed on July 21, 1995. These 
priority documents ante-date the publication date of Simonet (April 8, 1997) and the earliest 
priority date of the '614 publication (December 22, 1995). Consequently, neither Simonet 
nor the '614 publication are prior art to the instant application under 35 U.S.C. §102. 
Similar arguments were made in the parent application U.S.S.N. 08/915,004 to overcome 
older art cited in the parent application. Applicants respectfully request that the rejection 
be withdrawn. 



Applicants respectfully urge, in view of the foregoing amendments and remarks, 
that all claims are in condition for allowance. Accordingly, Applicants respectfully request 
reconsideration of the elected claims, as amended, and prompt and favorable action in the 
application. If the Examiner believes a telephone conference with the undersigned 
representative would be helpful in expediting prosecution of this application, he is urged to 
call the undersigned at (617) 248-7044. 



CONCLUSION 



Respectfully submitted, 



Date: May 9, 2000 
Reg. No. 44,244 




Tel. No.: (617) 248-7044 
Fax No.: (617) 248-7100 



Attorney for Applicants 

Testa, Hurwitz, & Thibeault, LLP 

High Street Tower 

125 High Street 

Boston, Massachusetts 021 10 
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SPECIFICATION 
NOVEL PR^ AND METHODS FOR PRODUCING THE 
Field of the invention 

nrotein. osteoclastogenesis inhibitory 
This invention relates to a novel protein. 

factor (OCIF). and methods for producing the protein. 



Background of the invention 

^ollin^ bv the repeated process of resorption 
Human bones are always remodelling by ^ ^ ^^^^ 

r .ctpnhlastsl'afi^^^teoclasts are considered 

and reconstitution. Q" the process, osteoblasts! 



to be the cells mainly responsible for bone fom^tion and bone resorption 
respectively. A typical example of.^disease caused b^^.ression ofj 
.hnormal bone metabolism is osteop^osis. -ease^is Unown toge provo.edj 

a, .he condition in whic^^b^^^Tresorption by osteoclasts exceeds bone 

• u .t.oblasts but the mechanism of osteoporosis has not yet been 
formation by osteoblasts, du^. tii 

^K^^n the bone\and makes the boneJ'< - 

osteoporosis increases the nu»ber ofj 
-^ ffragile, leading to fr>'=t""l^,J^^%^j;i[iii£££^ 

rBeariaa^n' old peopi. i^^^^^^^^-^^F^ 

ofO.l-^Ple^'^^lSm-'-i)'^- ''''''' . 

„o.WcW to be developed Bone »ass reduction caused wttbe>nor»al bone 

' , ».j h» inhibitine bone resorption, improving 

metabolisi. is thought to be prevented by ^^g^e 

bone fon.ati«i/or improving theCbalan^elJii^S^Um 

Bone formation isfixpeoted to bj) promoted by stimulating growth ^^^^ 
.if,ere„tiation„or activation o^g^ "^"^ cytoHnesSre reporte^ 
Cto>ti»late gro^h o^differentati^i^T^-- • 



t 



factor (FGF) (Rodan S. B, et al. , Endocrinology vol. 121, pl917, 1987), 
insulin-like growth factor-I (IGF-I) (Hock J. M. et al. , Endocrinology vol. 
122, p254, 1988). insulin-like growth factor-II (IGp-II) (McCarthy T. et al. , 
Endocrinology vol.124, p301. 1989), Activin A (Centrella M. et al. ,jjrfol, CellTJ"^ 
Biol. vol. 11, p250, 1991), Vasculotropin (Varonique M^et al, , Biochem. 
Biophys. Res. Commun. vol. 199, p380, 1994), and bone raorphogenetic protein 
(BMP) (Yamaguchi, A.et al. , J. Cell Biol. vol. 113, p682, 1991, Sampath T. K. 
etaL, J. BioL Chera. vol.267, p20532, 1992, and Knutsen R. et al. , Biochem. 
Biophys. Res, Commun, vol. 194, pl352, [19937}^ 



On the other hand, cytokines which [^inhibits] differentiation and/or 
maturation of QSteoclasts| jiave been paid attention and havejbeen intensively 
studied. Transforming growth factor- )3 (Chenu C. et al. , Proc. Natl. Acad, 
Sci. USA, vol, 85, p5683, 1988) and interleukin-4 (Kasano K, et al. , 
Bone-Miner,, vol. 21, pl79, 1993) fare found to\ inhibit the differentiation of 
osteoclasts. Calcitonin (Bone-Miner., vol. 17, p347, 1992), [^MacrophageHj 
colony-stimulating factor (Hattersley G. et al. J. Cell, Physiol, vol. 137, 
pl99, 1988), interleukin-4 (ffatanabe, K. et al, , Biochem. Biophys. Res. 
Commun, vol. 172, pl035, 1990), and interferon- 7 (Gowen M. et al. , J. Bone 
Miner. Res., vol.1, p469, 1986) [are found tcTj inhibit bone resorption by 
osteoclasts. 1 ^ 

These cytokines are expected to be[efficaciousJ drugs for improving bone 
mass reduction by stimulating bone formation and/or by inhibiting bone 
resorption. [The cytokines | such as [insulin like] growth factor-I and bone 
morphogenetic proteins |^re nowj investigated in clinical trials for their 



M^stn^lZ^l^ ^ 

f.„ect. in t„»t„:t o9p.tie„t. with bo„, ai.e..es. Calcitonin is aire.^ 

„sadCas a .^u.^^S " ^^'^'^^ 

ExanpU. of dr>..a no. clinioall, utilized for the treatment of bone 
dUeases and for shortening the treatment period are dih,drox,.ita.ine D., 
,ita.in K,. oaicitonin and i- deri.ati,es. hor^nes such as estradiol, 
ipriflavon. and calcinMCprepa-rfeS^^we.er, these drugs do noM-rov.de 
satisfaotor, therapeutic effects a„d novel dr.. suhstanceCha^ expected 
„ he developed, .ntion^r^ne ^tahoUs„^sgontr.olle5 in the halanco 
bet-een bone resorption and bone ior«tion. Theref^fZJ^kines .hich inhibrt 
osteoclast differentiation and/or saturation are expected to be developed as 
drugs for the treatment of bone diseases such as osteoporosis. 

^isclosur^of Invention -v 
^This invention «.s initiated tr™ the vie. point described above. The> 
purpose of this invention is to offer both a nove, factor, termed 
osteoclastogenesis inhibitor, factor (OCIP), and a procedure to produce the 

factor efficiently. 

The inventors have intensively searched for osteoolastogenesis inhibitor, 
factors in h««n edbr,onic fibloblast .HR-90 (ATCC CCL186) conditioned medium 
a„d have found a novel osteoclastogenesis inhibitor, factor (OCIF) .hich 
inhibits differentiation and/or maturation of osteoclasts. 

the inventors have established a ™thod for acc«ulating the protein to 
, high concentration b, culturing l»n-90 celisCusingJalumina ceramic pieces^ 
as^the'Jcell adherence matrices. 



The inventors have also established an efficient method for isolating the 
protein, OCIF, from the IMR-90 conditioned medium using the following 
sequential column [chroraatographyT] ion-exchange, heparin affinity, 
cibacron-blue affinity, and reverse phase. 

(fhe inventors, based on\the amino acid sequence of the purified natural 
(OCIF. successfully cloned a cDNA encoding this protein. The inventors] 
[established also a procedure to produce this protein which inhibits] 

^. . . ^.ib^ 

differentiation of osteoclastsj [This] invention concerns a protein which is 
produced by human lung fibroblast cells, fhas^ molecular (weights inl SDS-PAGE of 
^0 KD\gn the^ reducing conditions andQ20 KDj under (the^non-reducing conditions/"^ 
has affinity for both cation-exchange resins andVheparin, reduces its activity] 
o inhibit'<lifferentiation and maturation of osteoclasts (if] treated for 10 
minutes at 70 C or for 30 minutes at 56 °C, and [lose its activit'^ to inhibit 



.-■ •-,t Y 
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differentiation and maturation of osteoclasts (by the treatmentl for 10 minutes 
at 90 C. The amino acid sequence of the! protein OCIF which is described inl 
the present invention is clearly different from any[of know factors inhibitin£| * — " ' 
formation of osteoclasts. 

The invention includes a methodic purif£|OCIF protein, [comprising f] (1) 
culturing human fibroblasts, (2) applying the conditioned medium to a heparin 
column to obtain the adsorbed fraction, (3) purifying the OCIF protein using 
a cation-exchange column, (4) purifying the OCIF protein using a heparin 
affinity column, (5) purifying the OCIF protein using a cibacron blue 
affinity column, isolating the OCIF protein using reverse-phase column 

chromatography. Cibacron blue F3GA coupled to a carrier made of synthetic 
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l^ydrophilic polymers is an example of materials used to prepare Cibacron bluej 

\columnsJ These columns are conventionally called ''blue ^olomn^''. 

The invention includes a method for [accumulating tli^. OCIF proteinic a]*^ 

high concentration ,by culturing human fibroblasts using alumina ceramic pieces 

as the cell-adherence matrices. 

Moreover, the inventors determined the amino acid sequences of (the] 

oil' jonu^c i ecKctg- 

peptides derived from OCIF, designed the primers based on these amino acid 

sequences, and obtained cDNA fragments encoding OCIF from a cDNA library of 

IMR-90 rrll- - TW. f.a l^.fk PCjr .DMA encod/nc^,f ^^C (XXTP proiein cloned -Tr^^ 

Detailed description of the invention Q^ns o< bgct^vya.., -^^^^ Shed-f 5">4 JtVad^^^cv 

The OCIF protein of the present invention can be isolated from human 
fibroblast conditioned medium, with high yield. The procedure to isolate OCIF 
is based on ordinary techniques for purifying proteins from, bioraaterials, in 
accordance with the physical and chemical properties of OCIF protein. For 
example, concentrating^procedure includesj ordinary biochemical techniques such 
as ultrafiltration, ^yophylizati^ and dialysis. F*urifying procedure includesj 
combinations of several chromatographic techniques for purifying proteins such 
as ion-exchange column chromatography, affinity column chromatography, gel 1 
filtration column chromatography, hydrophobic column chromatography, reverse 
phase column chromatography, and preparative gel electrophoresis. The human a 
[fibroblast used for production of the OCIF protein is preferably IMR-90. iCj 
method for producing [The] IMR-90 conditioned medium is preferably a process 
comprising, adhering human embryonic fibroblast IMR-90 cells to alumina 
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Fi^ura 4 ^"^^ €^u.iior^ pc^Hc^^ of C rude OCZf f^nhm 

lane I H: mollCularujei^l-i- f^l^rkir p^inns^ 
lane 3 C^: ^^^^ pn-fn>i oi pcr^K 7 ,n f^'^ji-^f^ 5. 

On a rt vo rs c -f h^sc <^oU mn , 

dni reCofy\hincLni(r) ocj:P fnirn^ Under non-rdduan^ W/mv/^ rOCJ^F Ci^y 
And rOCXfCc) pnkms iocr^ /On^^uced <^V/£SA//^ C(://s 4:^^/ ^^^^ 
CCflS, r CSpCcfii^e ly peScnf-f-Fii^ -/-h-<: /&ndS , 

/an-c I; /y,o/tc^</o.r »^^f^ht nnccrkor prvi^'^^ . 

/ant ^ : a. m'^nomci- f]jpt^ hOcTF 

/arte a /Donume^r hjpe r<^^J^F Cl=) P^^^'^^' 

km i': ^ ^l^cr /<jf<- i-OCZFC^) J 



lane 9: a rr^onory^cr ndcj:p p^^e,nj 

lane //; a ^onon.,^^^^ r ^^rp C.^) ,r.ie\, - 

f^^^f< <? shouts, rhc 5DS-^/^&e ^So/ahj /7aUruUn)c:CTF 
y -r^^eii^, UiTScrip-fron cf ^hc lanes: 

knt /t: ^ monomer i-^p<L ^OOTF pn-hiny 

/anc a monomer ^^p^ rOCTPc^) p^icio ■ 

lane ^0 : ^ monon^c. rOClFCC) p.fon • 

/ant ^\ ^ a. d,n,cr ^^.^ roc:L? Cc^ ^^i^m. 

Pcyrc // ^ ^.o^p^m^^ ^ ^XF ar.^ OcTF cf ^,r^]no 



Fi^u.rc Qhoous a co/npe^r/so^ af Oc.lF ^CTfS ammo 
C-onCcn-hraHc/l Jxj ai>^ CrA employ in^ an-/-:- OCXP poltjc/ona/ 
OOnc&^MA^on huj an EtA emphtj^n^ ar,4-.-0csF monoclone] 

f2-fs i.t>;-rt csfeo poros- ^ ■ 



ceramic pieces in roller-bottle^ usingj DMEM medium supplemented with 5 % new 
born calf serum {for the cell culture/ and cultivating the cells in 
roller-bottles for 7 to 10 days by stand cultivation. CHAPS (3-[(3-cholamid 
opropyl)-dimethylammonio]-l-propanesulfonate) isfprefarabl^ added to the buffer 
as a detergent in the [purification steps of OCIF proteinj. pm+ein pur^ c^fion fvt>ccQiu?fe. 

>^ lb? OCIF protein of the instant invention can be [initially obtained] as a 
A bast'o h^fkirin binding 
fheparin binding basicT OCIF fraction by applying the culture medium to a 

heparin column (Heparin-Sepharose CL-6B, Pharmacia), jtfluting with 10 mM Tris-HCl 
buffer, pH 7.5, containing 2 M NaCl, and^hen byi applying the OCIF fraction 
to a Q • anion-exchange column (HiLoad-Q/FF, Pharmacia), and collecting^ non- 
adsorbed fraction. OCIF protein can be purified by subjecting the obtained 

OCIF fraction to purification on a S • cation-exchange column (HiLoad-S/FF, 

a. 

Pharmacia]j[l3> a heparin column (Heparin-5PW, TOSOH),'* Cibacrone Blue column 
(Blue-5PW, TOSOH), and a reverse-phase column (BU-300 C4, Perkin [Elmer) and] ^ ^^^^^^ 
^he material is defined by the previously described properties/] 



The present invention relates to a method of cloning cDNA encoding the 
OCIF protein based on the amino acid sequence of natural OCIF and a ^ethod ofj ; 
obtaining recombinant OCIF [protein that inhibits differentiation and/or] ^ P^^^- 
Saturation of osteoclastsT] The OCIF protein is purified according to the 
method described in the present invention and is treated with endopeptidase 
(for example, lysylendopeptidase). The amino acid sequences of the peptides 
produced by the digestion are determined and . the mixture of oligonucleotides 
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that can encode each internal amino acid sequencegas systhesizedj The OCIF 
cDNA fragment is obtained by PGR (preferably RT-PCR. reverse transcriptase PGR) 
using the oligonucleotide mixtures described above as primers. The full length 
OCIF cDNA encoding the OCIF protein is cloned from a cDNA library usingCthe^ 
Cob^al^edJoCIF DNA fragment as a probe. The OCIF cDNA cont^nin^^^^^^^^ 
coding region is inserted into an expression vector, (jhe rec^SibTiSf^IF can 
be produced by expressing the OCIF cDNA, containing the entire coding region^ 
in mammalian cells or bacteria. 

The present invention relates to the novel proteins 0CIF2. 0CIF3. 0CIF4. 
and 0CIF5 that are variants of OCIF and have the activity described above. 
These OCIF variants are obtained from the cDNA library constructed ^^^J^^ 
poly (A) . RNAgy hybridizatio^ using the OCIF cDNA fragment as a^probe. Each 
of the OCIF variant cDNAs containing the entire coding region js inserted into 
an expression vector. Each recombinant OCIF variant-^be produced by 

expressing each of the OCIF variant cDNAs, containing the entir^ing region. 

in Lthe] conventional hosts. Each recombinant OCIF variant^can be purified 

according to the method described in this invention. Each recombinant OCIF 

var iant* has ^nj ability to inhibit osteoclastogenesis. 

The present invention further includes OCIF mutants. They are 

substitution mutants comprising^placement of one^cjrst^^ residue, possibly 

A ^rn mL-t'tciOt ^ serine- — ^ . , . ^ ^ 

involved in dimergormation-VuiTi^n^^ -""^^"'^ 

of OCIF. Substitutions or deletions are introduced into the OCIF cDNA using 
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polymerase chain reaction (PCR) orfbyjrestriction enzyme digestion. Each of 

these mutated OCIF cDNAs is inserted into a vector^ontainingjan appropriate 

promoter for gene expression. The resultant expression vector for each of the 

OCIF mutants is transfected into eukaryotic cells such as mammalian 

cells. Each of OCIF mutants can be obtained and purified from the conditioned 

media of the transfected cells. 

The present invention provides polyclonal antibodies and a method to 

quantitatively determine OCIF concentration using these polyclonal antibodies. 

\ks antigens (immunogens), natura^ OCIF obtainecl from IMR-90 conditioned 

medium, recombinant OCIF produced by such hosts as microorganisms and 

eukaryotes using OCIF cDNA, synthetic peptides [Resigned] based on the amino 

acid sequence of OCIF, or peptides obtained from OCIF by partial digestion can 

be^sed7[ Anti-OCIF polyclonal antibodies are obtained by immunizing appropriate 

mammals with the antigens^ in combination with adjuvants [for immunization] if 

^ ^nd pi/r»fi thj^h t. an^-'.V^Aif^.c hhm \ht se-ri^m bv/^ 
necessary, j^urifying from the serum by th^ ordinary purification methods, {jhe^ 

[anti-OCIF) polyclonal antibodies which are labelled with g;asioisotopeslor enzymes 

can be used in radio-immunoassay (RIA) [system or immunoassay (EIA) systemH ~ ' 

\Jy usin^ these assay systems, the Concentrations) of OCIF in biological 

materials such as ^lood and] ascites and ^ells-cultur^ medium can be easily 

determined. 

(jhe antibodies in the present invention can be used in radio immunoassay^/ 
[JRIA) or enzyme immunoassay (EIA). By using these assay .systems, the] 
l^oncentration of OCIF in biological materials such as blood and ascites canj 



I^be easily determined/] 



The present invention provides novel monoclonal antibodies and a method 
[toj quantitatively (determine] OCIF concentration using these monoclonal 
antibodies. 

Anti-OCIF monoclonal antibodies can be produced by fthe] conventional 

l^methodjusing OCIF as an antigen. Native OCIF obtained from the culture medium 

of IMR-90 cells and recombinant OCIF produced by such hosts as microorganisms 

and eukaryotes[^using\ OCIF cDNA can be used as antigens. Alternatively, 

^ynthesized peptides designed} based on the amino acid sequence of OCIF and 

peptides obtained from OCIF by partial digestion can be also used as antigens. 

Immunized lymphocytes obtained by [immunization of mammals^ with the antigen or 

by an in vitro immunization method were fused withfmyeloma of mammalsl to 

obtain ^ybridoma J The hybridoma clones secret ingfanti body] which Recognizes) ^'-^^^^ 

^ A OQrr were se4€cf<s<i <xAci OA^|4uLrc<:i -tt> obVavv^ <f?s'iKe><^ an4'\boci?^^ 

^CIF were selected from the hybridomas obtained by the cell fusion. The] 

^esired antibodies can be obtained by cell culture of the selected hybridoma^ 

^lones. In preparation of hybridoma, small animals such as mice or rats are! 

jjgenerally used for immunization. To immunize, OCIF is suitably diluted with^ 

a saline solution (0.15 M NaCl), and is intravenously or intraperitoneally 

administered with an adjuvant to animals/for|2 -5 times every 2 -20 days The 

immunized animal was killed three days after* final immunization, the spleen 

was|J:aken out! and the splenocytes were used as immunized B lymphocytes. 

Mouse myeloma cell lines for cell fusion with ^hejimmunized B lymphocytes 

include, for example, p3/x63-Ag8, p3-Ul, NS-1, MPC-11, SP-2/0. FO, p3x63 
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^P.^^^i S/^V^^d//^. nxf cell lint R'^l^ fruLij aho be cued. /iJfcrnar^x.^ly 

[^Ag8.653, and S194. Rat R-210 cell line may also be used. Human B lymphocytes^ 
\are] immunized by an in vitro immunization method fandl are fused with human 
myelomafcell linej or EB virus transformed human B lymphocytes ^hich are used^ 
^s a parent cell line for cell fusion, to produce human type antibody^} 

Cell fusion of [thej immunized B lymphocytes and myeloma[cell line] is 
carried out principally by(the]conventional methods. For example, the method 

of Koehler G. et al. (Nature 256, 495-497, 1975) is generally (used, and also] — 

an electric pulse method can be [applied to cell fusion^ The immunized B 
lymphocytes and transformed B cells are mixed at jdonventional ratios and a 
cell culture medium without FBS containing polyethylene glycol is generally 
[^ed for cell fusion. The B lymphocytes fused with myeloma cell lines are] 
cultured in HAT selection medium containing FBS to select jhybridoma,"] l^j^^ndomk^- 

[For screening of hybridoma producing antiK)CIF antibody, EIA, plaquel 
assay, Ouchterlony, or agglutination assay can be (principally used! [Amongl Infr^^^P^ 

A erA lo ^Simple a^ScK.j /^h.V.H \S da^y tepe^-fer^ ^ ^ ^i.hc<X\e^ 

Uhem, EIA is simple and easy to operate] with sufficient accuracy and is 

generally used. By EIA using purified OCIF, the desired antibody can be] - 

selected easily and accurately' Thus obtained hybridomaf carTEe cultured by Cthe] r^^<>*^''^<'^^ 

conventionaljmethodjof cell culture and frozen for stock if necessary. The 

antibody can be produced by culturing hybridoraa fusing the/ ordinary cell 

A fnc4hcds ctils -* ^ / Wg/iV^ 

culture(jnethod\or by transplanting hybridoma'' intraperitoneally (^oj'animals. 

The antibody can be purified by (the] ordinary purification methods such as salt 

precipitation, gel filtration, and affinity chromatography. The robtained"1 

antibody^ specifically reacts with OCIF and can be used (for determination of^ ^'"^ 

OCIF concentration and [for purification ot OCIFJ The antibodies of the 
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present invention recognize epitopes of OCIF and have high affinity ^toj 
OCIF. Therefore, they can be used for the construction of EIA. [By (using)J 
[this assay system^ the concentration of OCIF in biological materials such as 
[blood and ascites can be easily determinedTj^ \>loo<i ^sciies. 



AO 



jjhe agents used for treating bone diseases that contain OCIF as an^ 
effective [ingredient are provided by the present inventionTl Rats were 
subjected to denervation of ^ left forelimb. Test compounds were administered 
daily after surgery for 14 days. After 2 weeks" treatment, the animals were 
sacrificed and their forelimbs were dissected. Thereafter bones were tested 
for mechanical strength by'' three point bending method. OCIF improved 



mechanical strength of bone in a dose dependent manner. 

The OCIF protein of the invention is useful as a pharmaceutical 

Lingredientsj for treating or improving decreased bone mass in such as 

osteoporosis, l^one diseases such asj rheumatism, osteoarthritis, and abnormal 

bone metabolism in multiple myeloma, [jhel OCIF protein is also useful as an 

antigenjto establislij immunological diagnosis of ^hejdiseases. Pharmaceutical ^ 

^ A inured i c^iT 

preparations containing ^hej OCIF protein as an active (ingredients] are 

formulated and can be orally or parenterally administered. The preparation 

contains the OCIF protein of the present invention as an (efficacious] 

ingredient and is safely administered to[human^and animals. Examples of^he^ 

pharmaceutical preparations include compositions for injection or intravenous 

drip, suppositories, nasal preparations, sublingual preparations, and tapes 

for percutaneous absorption. The pharmaceutical preparation for injection can 
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be prepared by inixing^he\phamiacologically (efficacious] amount of OCIF protein 

n Cturrlcr- 

and'pharmaceutically acceptable (^arrierstj The carriers are vehicles and/or 
activators, e.g. amino acids, saccharides, cellulose derivatives, and other 
organic and inorganic compounds^, which are generally added to active 
ingredients. When the OCIF protein is mixed with the vehicles and/or 
(activators to prepare injections, pH adjuster, buffer, stabilizerTl 
solubiUzing agent, etc. can be added^ if necessary. 

ef description of the figures / 
Figure 1 shows the elution pattern of crude OCIF protein (Hiload-Q/FF pass- 
through fraction ; sample 3) from a Hiload-S/HP column. 

Figure 2 shows the elution pattern of crude OCIF protein (heparin-5PW fraction 
; sample 5) from a blue-5PW column. 

Figure 3 shows the elution pattern of OCIF protein (blue-5PW fraction 49 to 
50) from a reverse-phase column. 

Figure 4 shows the SDS-PAGE of isolated OCIF proteins under reducing conditions 
or non-reducing conditions. 

Description of the lanes, 

lane 1,4 ; molecular weight marker proteins 

lane 2,5 ; OCIF protein of peak 6 in figure 3 

lane 3, 6 ; OCIF protein of peak 7 in figure 3 
Figure 5 shows the elution pattern of peptides obtained by the digestion of 
pyridyl ethylated OCIF protein digested with lysylendopeptidase, on a 
reverse-phase column.^ 

. 12 



Cpigure 6 shows the SDS-PAGE of isolated natural(n) OCIF protein and 
recombinant (r) OCIF proteins under non-reducing conditions. rOCIF(E) and 
rOCIF(C) were produced in 293/EBNA cells and in CHO cells, respectively. 
Description of the lanes, 
lane 1 ; molecular weight marker proteins 
lane 2 ; a monomer type nOCIF protein 
lane 3 ; a dimer type nOCIF protein 
lane 4 ; a monomer type rOCIF(E) protein 
lane 5 ; a dimer type rOCIF(E) protein / 
lane 6 ; a monomer type rOCIF(C) protein 
lane 7 : a dimer type rOCIF(C) protein 
Figure 7 shows the SDS-PAGE of isolated natural (n) OCIF proteins and 
recombinant (r) OCIF proteins under reducing conditions. rOCIF(E) and rOCIF(C) 
were produced in 293/EBNA cells and in CHO cells, respectively. 
Description of the lanes, 
lane 8 : molecular weight marker proteins 
lane 9 ; a monomer type nOClF protein 
lane 10 ; a dimer type nOCIF protein 
lane 11 : a monomer type rOCIF(E) protein 
lane 12 ; a dimer type rOCIF(B) protein 
lane 13 : a monomer type rOCIF(C) protein 
lane 14 : a dimer type rOCIF(C) protein 
Figure 8 shows the SDS-PAGE of isolated natural (n) OCIF proteins and 
recombinant (r) OCIF proteins from which N-linked sugar chains were removed 
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[^nder reducing conditions. rOCIF(E) and rOCIF(C) are rOCIF protein produced 
in 293/EBNA cells and. in CHO cells, respectively. 

Description of the lanes, 

lane 15 ; molecular weight marker proteins 

lane 16 : a monomer type nOCIF protein 

lane 17 ; a dimer type nOCIF protein 

lane 18 ; a monomer type rOCIF(E) protein 

lane 19 ; a dimer type rOCIF(E) protein 

lane 20 : a monomer type rOCIF(C) protein / 

lane 21 : a dimer type rOCIF(C) protein 
Figure 9 shows comparison of amino acid sequences between OCIF and 0CIF2. 
Figure 10 shows comparison of amino acid sequences between OCIF and 0CIF3. 
Figure 11 shows comparison of amino acid sequences between OCIF and 0CIF4. 
Figure 12 shows comparison of amino acid sequences between OCIF and 0CIF5. 
Figure 13 shows standard curve for determination of OCIF protein concentration 
by an EIA employing anti-OCIF polyclonal antibodies. 

Figure 14 shows standard curve for determination of OCIF protein concentration 
by an EIA employing anti-OCIF monoclonal antibodies. 
Figure 15 shows the effect of rOCIF protein on osteoporosis? 

Best Mode for Carrying Out the Invention 

The present ^ij^vent^ion will be further explained by the following ■ 
examples, (howeve^ tHT^ope of the invention is not restricted (^p th^^±}^!^ 
^xamples.^ 



14 



- 

EXAMPLE 1 

Preparation of a conditioned medium of human fibroblast IMR-90 

Human fetal lung fibroblast IMR-90 (ATCC-CCL186) cells were cultured on 
alumina ceramic pieces (80 g) (alumina: 99.5%, manufactured by Toshiba Ceramic 
K, K. ) in DMEM medium (manufactured by Gibco BRL Co.) supplemented with 5% CS 
and lOmM HEPES buffer (500 ml/roller bottle) at 37*lC[unde^he presence of 5% 
COg for 7 to 10 days using 60 roller bottles (490 cm^ 110 x 171mm, 
manufactured by [Conin^^Co. ) in static culture. The conditioned medium was 
harvestecj^Jand a fresh medium was added to the roller bottles. About 30L of 
IMR-90 conditioned medium per batch culture was obtained. The conditioned 
medium was designated as sample 1. 



EXAMPLE 2 

Assay method for osteoclast development inhibitory activity 

Osteoclast development inhibitory activity was assayed by measuring 
tartrate-resistant acid phosphatase (TRAP) activity according to the methods 
of M. Kumegawa et. al (Protein • Nucleic Acid • Enzyme, vol. 34 p999. 1989) and 
N. Takahashi(et.air(Endocrynology, vol. 122, pl373, 1988 ) with modifications 
Briefly, bone marrow cells obtained from" 17 day-old mouse were suspended 
in a -MEM (manufactured by GIBCO BRL Co.) containing 10% FBS, r2xlO"''Ml of 
actj.vated vitamin [d,, and eacF test samplej and were inoculated [to] eacOre 11 
of*96-well plate at a cell density of 3x10^ cells/0.2 ml/well. The plates were 
incubated for 7 days at 37*10 in humidified SXCO^. Cultures were [further] 
[continued|by replacing 0. 16 ml of old medium with the same volume of fresh 

15 



^^ fltuH- xV^^io^ b^j^v ^ - ^^c pla tes Uicrc <o^hed, 

medium on day 3 and day 5 after [starting cultivation^ On day 7, ^fter washing! 

(the plates] with phosphate buffered saline,^ cells were fixed with 

ethanol/acetone (1:1) for 1 min. at room ^emperature, and then osteoclast] 

development was tested by determining rforjphosphatase activity using a kit 

(Acid Phosphatase, Leucocyte, Catalog No. 387-A, manufactured by Sigma 

Co.). jjhe decreasejof TRAP positive cells was taken as an indication of OCIF 

activity. 



EXAMPLE 3 

Purification of OCIF 

i) Heparin Sepharose CL-6B column chromatography r 

|^he]90L of IMR-90 conditioned medium (sample 1) was filtrated wit^ 0. 22 
11 membrane filter (hydrophilic Milidisk, 2000 cra^ Milipore Co.), and was 
divided into three'' portions. Each portion 1(30 DJwas applied to a heparin 
Sepharose CL-6B column (5 x 4. 1 cm, Pharmacia Co.) equilibrated with lOmM 
Tris-HCl containing 0. 3M NaCl, pH 7.5. After washing the column with lOmM 
Tris-HCl, pH 7. 5 at a flow rate of 500 ral/hr. heparin Sepharose CL-6B 
adsorbent protein fraction was eluted with lOmM Tris-HCl, pH 7. 5, containing 
2M NaCl. The fraction was designated [asjsample 2. 



ii) HiLoad-Q/FF column chromatography 

The heparin Sepharose-adsorbent fraction (sample 2) was dialyzed against 
lOmM Tris-HCl, pH 7.5, supplemented with CHAPS to a final concentration of 
0. 1%, incubated at 4 *C overnigh^"] and divided into two portions. Each 
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portion was then applied to an anion-exchange column (HiLoad-Q/FF, 2. 6 x 10 
cm, Pharmacia Co.) which was equilibrated with 50mM Tris-HCl, 0.1% CHAPS. pH 
7.5 to obtain a non-adsorbent fraction (lOOO ml). The fraction was designated 
jasjsample 3. 

iii) HiLoad-S/HP column chromatography 

The HiLoad-Q non-adsorbent fraction (sample 3) was applied to a 
cation-exchange column (HiLoad-S/HP, 2, 6 x 10 cm, Pharmacia Co.) which was 
equilibrated with 50 mM Tris-HCl, 0,1% CHAPS, pH^7. 5. After washing the 
column with 50 mM Tris-HCl, 0.1% CHAPS, pH 7.5, the adsorbed protein was 
eluted with^ linear gradient from 0 to 1 M NaCl at a flow rate of 8 ml/min for 



100 min. and fractions (12 ml) were collected. [Each^ten fractions from(number]^ ^^^^^'^^^^ 
1 to 40^as pooledjto form one portion. \^ach[ 100 A^l'^of the four portions was 
tested for OCIF activity. OCIF activity was observed in fractionsffroml 11 to 
30 (as shown in Figure 1). ^he fractions from 21 to 30( which had higher specific 
IJ^ctivity were collected and was designated as sample 47] 

iv) Heparin-5PW affinity column chromatography 

One hundred and twenty ml of HiLoad-S fraction from\21 to 30 (sample 4) 
was diluted with 240 ml of 50 mM Tris-HCl, 0.1% CHAPS, pH 7,5, and applied to^ — 
heparin-5PW affinity column (0. 8 x 7.5 cm, Tosoh Co,) which was equilibrated 
with 50mM Tris-HCl, 0.1% CHAPS. pH 7.5. After washing the column with 50mM 
Tris-HCl. 0.1% CHAPS. pH 7.5. the adsorbed protein was eluted withMinear 
gradient from 0 to 2M NaCl at a flow rate of 0. 5ml/min for 60 min. and fractions 
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(0.5 ml) were collected. Fifty /z 1 (wasjreraoVed from each fraction to test for 
OCIF activity. The active fractions, eluted with 0.7 to 1. 3M NaCl (^asj^^ 
pooled and (was designated asj"sample 5. 



v) Blue 5PW affinity column chromatography 

Ten ml of sample 5 ^as] diluted with 190 ml of 50raM Tris-HCl, 0. 1% CHAPS, 
pH 7.5 and applied to a blue-5PW affinity column, (0,5x5 cm, Tosoh Co.) which 
was equilibrated with 50mM Tris-HCl, 0. 1% CHAPS, pH 7,5. After washing the column 
with 50mM Tris-HCl, 0.1% CHAPS, pH7. 5, the adsorbed protein was eluted with 
a 30 ml linear gradient from 0 to 2M NaCl at a flow rate of 0,5 ml/min. , and 
fractions (0.5 ml) were collected. Using 25 /i 1 of each fraction, OCIF 
activity was evaluated. \The fractions numbe^ 49 to 70, eluted with 1.0-1, 6M 
NaCl^ had OCIF activity. 

vi) Reverse phase column chromatography , 

The blue 5PW fraction obtained by collecting fractions ^om .49 to^50 was 
acidified with 10 /xl of 25% TFA and applied to a reverse phase C4 column 
(BLI-300, 2. Ix220mm, manufactured by Perkin-Elmer) which was equilibrated with 
0.1% of TFA and 25%[jof|acetonitrile. The adsorbed protein was eluted with^ 5. 
linear gradient from 25 to 55% acetonitrile at a flow rate of 0.2 ral/min. for 
60 min. , and each protein peak was collected (Fig. 3). One hundred /x 1 of each 
peak fraction was tested for OCIF activity, and|peak 6 and the pea^ 7 had OCIF 
activity. The result was shown in Table 1. 
Table I 
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OCIF activity eluted from reverse phase C4 column 



Sample 






Dilution 






1/40 


1/120 


1/360 


1/1080 


Peak 6 


++ 


++ 


+ 




Peak 7 


++ 


+ 







[ ++ means OCIF activity inhibiting osteoclast development more than 80%, + 
means OCIF activity inhibiting osteoclast development between 30% and 80%, 
and - means no OCIF activity. ] ' 



EXAMPLE 4 

Molecular weight of OCIF protein ^. ^ p cX P oJ-W\-^^ ^ £eg-U_4 f-^ '^''1 

The two protein peaks ^ and 7)J^ith OCIF activityj were subjected to 
SDS-polyacrylaraide gel electrophoresis under reducing and non-reducing 
conditions. Briefly. 20 1 of each peak fraction was concentrated under vacuum 
and dissolved in 1.5^1 of lOmM Tris-HCl, pH 8, ImM EDTA, 2.5% SDS, 0.01% 
bromophenol blue, and incubated at 37*^ overnight under non-reducing 
conditions or under reducing conditions (with 5% of 2-mercaptoethanol) . Each 
1.0 Ail of sample was then analyzed by SDS-polyacryl amide gel electrophoresis 
with a gradient gel of 10-15% acrylamide (Pharmacia Co.) and an 
electrophoresis-device (Fast System, Pharmacia Co.). The following molecular 
weight marker proteins were used to calculate molecular weight : phosphorylase 
b (94 kD), bovine serum albumin (67 kD), ovalbumin (43 kD), carbonic anhydrase 
(30 kD), trypsin inhibitor (20.0 kD), and lactalbumin (14.4 kD). After 
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electrophoresis, protein bands were visualized by silver stain using Phast 
Silver Stain Kit. The results ^erejshown in Fig. 4. 

A protein band with an apparent'^GO KD was detected in the peak S^roteirT^A ^ny^^ 
under both reducing and non-reducing conditions. A protein band with an 
apparent 60 KD was detected under reducing conditions and a protein band with 
an apparent 120 KD was detected under non-reducing conditions in the peak 7 
jproteinT^ Therefore, the protein of peak J was considered to be a homodiraer 
of the protein of peak 6. 

EXAMPLE 5 

Thermostability of OCIF 

Twenty iil of sample from the blue-5PW fractions 51 and 52 was diluted 
to 30 /il with 10 mM phosphate buffered saline, pH 7.2, and incubated for 10 
min. at 70°C or 90 °C, or for 30 min. at SG^'C. The heat-treated samples were 
tested for OCIF activity. The results ^ere^ shown in Table 2, 
Table 2 

Thermostability of OCIF 

Sample Dilution 

1/300 1/900 1/2700 

untreated ++ + - 

70°C, 10 min + - 

56t:, 30 min + - 

90°C. 10 min - - - 
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[ ++ means OCIF activity inhibiting osteoclast development more than 80%, 
+means OCIF activity inhibiting osteoclast development between 30% and 80%, 
and - means no OCIF activity, ] 



EXAMPLE 6 

Internal amino acid sequence of OCIF protein^, i -i r li L). ^ £pvJ fmo-i-ichs k)cr^ 

. ^rr^r^'icr^^ ^ /o ^ +he t>iut z — 

Each 2 fractions (1 ml) from^No, 51-70 of blue-5Pff fraction wasjacidif ied 
with 10 /i 1 of 25% TFA, and (wasjapplied to a reverse phase C4 column (BU-300, 
2.1x220mm, manufactured by. Perkih-Elmer Co.) equilibrated with 25% [pf^ 
acetonitrile containing 0.1 % TFA. The adsorbed protein was eluted with a 12 
ml linear gradient of 25 to 55% acetonitrile at a flow rate of 0.2 ml/min, and 
the protein fractions correspor^ng to^eak 6 and peakj 7 were collected, 
respectively. The protein ]of^each peak was applied to a protein sequencer 
(PROCISE 494, Perkin-Elmer Co.). However, the N-terminal sequence of the 
[^protein] of each peak could not ba analyzed. Therefore, ^-terminal] of the 
protein of each peak was considered to be blocked. \So, internal! amino acid 
sequences of these proteins were'*analy2ed. 

The protein [of]peak 6 or^eak 7| purified by C4-HPLC, was concentrated 
by centrifugation and pyridilethylated under reducing conditions. Briefly, 
50 /X 1 of 0. 5 M Tris-HCl,pH 8. 5, containing 100 /xg of dithiothreitol, lOmM EDTA, 
7 M guanidine-HCl, and 1% CHAPS was added to each'^samples, and thejjixture was] 



incubated overnight in the dark at ^^oom temperature. Each ^hej mixture was 
acidified with 25% TFA (a final concentration 0. 1%) andfwasA applied to a 
^everse^ phase C4 column (BU-300, 2.1x30mm, Perkin-Elmer Co. ) equilibrated 
with 20 % acetonitrile containing 0.1 % TFA. The pyridil-ethylated OCIF 
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protein was eluted with a 9 ml linear gradient from 20 to 50% acetonitrile at 
a flow rate of 0.3 ml/min, and each protein peak was collected. The 
pyridil-^thyratedJOCIF protein was concentrated under vacuum j^j-j and dissolved 
in 25Ai 1 of 0. I M Tris-HCl, pH 9, containing 8 M Urea, and 0.1 % Tween 80. 
Seventy three 1 of 0. 1 M Tris-HCl, pH 9, and 0.02 iig of lysyl endopeptidase 
(Wako Pure Chemical, Japan) were added to the tube, and incubated at 37 °C for 
.15 hours. Each digest was acidified with 1 1 of 25% TFA and was applied 
to a reverse phase C8 column (RP-300, 2, lx220ram, Perkin-Elraer Co. ) 
equilibrated with 0. 1% TFA. / ^ 

The peptide fragments were eluted from the column with'^linear gradient "^romj 
0 to 50 % acetonitrile at a flow rate of 0.2 ml/min for 70 min. , and each 
peptide peak was collected. Each peptide fragment (PI - P3) was applied to 
the protein sequencer. The sequences of the peptidesjwer^^own in gequence] 



^limbers 1 respectively. 



EXAMPLE 7 ^ ^ ^p.DAlA 

Determination of nucleotide sequence of ^e OCIF cDNAj 
i) Isolation of poly (A) + RNA from IMR-90 cells 

About lO^gJof poly(A) + RNA was isolated from 1x10* cells of IMR-90[byJ 
using^v Fast Track mRNA isolation kit (Invitrogen) according to the 
manufacturer' s instructions. 



ii) Preparation of mixed primers 

The following two mixed primers were synthesized based on the amino acid 
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sequences of two peptides (peptide P2 and peptide P3, [sequence number^ 2 and 
3, respectively). All the oligonucleotides in the mixed primers No. 2F'^can 
code for the amino acid sequence from the sixth residue, glutamine (Gin) to 
the twelfth residue, leucine (Leu), in peptide P2. All the oligonucleotides 
in the mixed primers No. 3R^can code for the amino acid sequence from the 
sixth residue, histidine (His), to the twelfth residue, lysine (Lys), in 
peptide P3. The sequences of the mixed primers No. 2F and No. 3R were shown 
in Table 3. 



Table 3 



No. 2F/S6^J1J^^J^^ 

5' -CAAGAACAAA CTTTTCAATT-3' 
G G G C C GC 
A 
G 

No. 3R r^^€^-JD A/., m) 
^ — ^— — — — 

5' -TTTATACATT GTAAAAGAAT G-3' 
C G C G GCTG 
A C 
G T 



a' 



iii) Amplification of'^OCIF cDNA fragment by PCR (Polymerase chain reaction) 
First strand cDNA was generated using Superscript II cDNA synthesis kit 
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(Gibco BRL) and l|ugJof poly (A) + RNA obtained in the example 7-i), according 
to the manufacturer' s instructions. The DNA fragment encoding OCIF was 
obtained by PGR using ^hejcDNA template and the primers shown in EXAMPLE 
7-ii). 

PGR was performed \with the conditions as followsf] u J i -/^g -fi / / otj « Vi j 6oodNj ^^onA_ 



lOX Ex Taq Buffer (Takara Shuzo) 5 Qil]J JjlI 

2.5 mM solution of dNTPs 4 (jul]^ 

cDNA solution / I ^uQ^ \x\ 
Ex Taq (Takara Shuzo) 0.25 (ulj^ ^j. 

sterile distilled water 29. TSfull l^L- 

. mJI L J ^ — 

40(uM3solution of primers No. 2F 5 full 111 

40(uM]solution of primers No. 3R 5 [plj \x\ 

The components of the reaction were mixed in a microcentrifuge tube. An 
initial denaturation step at 95 °C for 3 min was followed by 30 cycles of 
denaturation at 95*^0 for 3Q^ec annealing/ at 50 ''C for 30 sec and extention 
at 70 **C for 2min. After the amplification/ final extention step was performed 
at 70 °C for 5min. TheCsizeo^PCR products were determined on a 1. 5 % agarose 
gel electrophoresis. [Aboutj 400 bp OCIF DNA fragment was obtained. 

EXAMPLE 8 

Cloning of the OCIF cDNA fragment amplified by PCR and determination of its 
DNA sequence 
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The OCIF cDNA fragment amplified by PCR in EXAMPLE 7-iii) was inserted 
^/ nfo the plas/ru d ^ 
\\x\ the plasmidj^luescript II S^' using'* DNA ligation kit ver. 2 (Takara 

Shuzo) according to the method^byl Marchuk, D. et al. (Nucleic Acids Res., vol 

19, pll54, 1991). E. coli.* DH5 a (Gibco BRL) was transformed with" ligation 

mixture. The transformants were grown and a plasmid containing the OCIF cDNA 

(about 400 bp) was purified usingrthejcommonly usedlraethodTj This plasmid was 

called pBSOCIF. The sequence of OCIF cDNA in pBSOCIF was determined using Taq 

Dye Deoxy Terminater Cycle Sequencing kit (Perkin Elmer). The size of the OCIF 

cDNA is 397 bp. The OCIF cDNA encodes an amino acfd sequence containing 132 ' 

residues. The amino acid sequences of the internal peptides (peptide P2 and 

peptide P3, (^equence numberl 2 and 3, respectively) that were used to design 

the primers were found at[N" or C- terninal side in the^ amino acid sequence 

Cof the 132 amino acid polypeptide] predicted by the 397 bp OCIF cDNA. In 

addition, the amino acid sequence of the internal peptide PI (Sequence number/ 

1) was also found in the predicted amino acid sequence of^he polypeptide?]^ O CL^^ 

These data show that the 397 bp OCIF cDNA is a portion of the full length OCIF 

cDNA. 



EXAMPLE 9 

Preparation of the DNA probe 

The 397 bp OCIF cDNA was prepared according to the conditions described 
in EXAMPLE 7-iii). The OCIF cDNA was subjected to a preparative agarose gel 
electrophoresis. The OCIF cDNA was purified from the gel using'^QIAEX gel 
extraction kit (QIAGEN), labeled with [a^^P]dCTP using^Megaprime DNA labeling 
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system (Amersham) and used to select a phagfe containing the full length OCIF 
cDNA. 



EXAMPLE 10 

Preparation of the cDNA library 

cDNA was generated using'Creat Lengths cDNA synthesis kit (Clontech), 

oligo (dT) primer, [a"P]dCTP and 2.5(ugQof poly(A) + RNA obtained in the 

example 7-i), according to the manufacturer's instructions. ^EcoRI-Sall-Notl 

r -) 

adaptor was ligated to the cDNA, The cDNA was separgfted from Ithej free adaptor 

and unincorporated free [a^^P]dCTP. The purified cDNA was precipitated with 

ethanol and dissolved in 10 ul of TE buffer (10 mMTris^HCl (pH8,0), 1 mM 

EDTA). The cDI^A (with the adaptor was inserted in] :i ZAP EXPRESS vector 

(Stratagene) at'^'^coRI site. The recombinant A ZAP EXPRESS phage DNA 

a- 

containing the cDNA was in vitro packaged using*Gigapack gold II packaging 
extract (Stratagene) [^and] recombinant A ZAP EXPRESS phage libraryQwas prepared[ 



EXAMPLE 11 

Screening of recombinant phage uS^^jLJiii^^'-^--^ ' 

Recombinant phages obtained, in EXAMPLE 10 were ^fected to E. ColJ, 
XLl-Blue MRF' (Stratagene) at 37 °C for 15 min. . The infected E. coli cells 
were added to NZY medium containing 0. 7 % agar at 50°C and plated^n thej NZY 
agar plates. After the plates were incubated at 37 t overnight, Hybond N 
[(AmershamJI were placed on the surface of* plates containing plaques. The 
membranes were denatured in^hejalkali solution, neutralized, and washed in - 
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■■■ ■• . o 

2xSSC according to (the standard protocol] The. phage DMA was immobilized (^n] the 

menibranes using UV Crosslink (Stratagene) . The membranes were incubated in (the\ 

hybridization buffer (Amersham) containing 100 /zg/ml salmon sperm DNA at 65"tJ 

for 4 hours and then incubated at 65 t overnight iti the same buffer-containing 

2x10' cpm/ml 'denatured OCIF DNA probe. The membranes were washed twice with 

2xSSC and twice with a solution containing 0. IxSSC and 0. 1 % SDS at 65 °C for 

10 min each time. The positive clones were purified by repeating the screening 

-tit 

twice. The purified XZ^P EXPRESS phage clone containing (^out 1.6 kbjDNA 
insert* was used in the experiments described belpw. This phage was called 
A. OCIF. The purified A.OCIF ^nd the infected into E. Colij XLl-Blue MRF' 
(Stratagene) according to fa J protocol [of J A. ZAP EXPRESS cloning kit 
(Stratagene). The culture broth of infected XLl-Blue MRF' was prepared. 
Purif iedQoCIF) and ExAssist helper phage (Stratagene) were co-infected into 
E. coli strain XL-1 blue MRF* according to the protocol supplied with the kit. 
The culture broth of the co-infected XL-1 blue MRF' was added to a culture of 
E. coli strain XLOR (Stratagene) to transform them. Thus we obtained a 
Kanaraycin-resistant transformant harboring a plasmid designated pBKOCIF which 
is a pBKCMV (Stratagene) vector containing the 1.6 kb insert fragment. 
The transformant including the plasmid containing about 1.6 kb OCIF cDNA was 
obtained by fpicking^up] the kanaraycin-resistant colonies. The plasraid was 
called pBKOCIF. The transformant has been deposi ted (to| National Institute of 
Bioscience and Human-Technology (NIBH), Agency of Industrial Science and 
Tecnology as "FERM B?-526T as pBK/OlFlO. A national deposit (Accession number, 
FERM P-14998) was (transf ered^tothe international deposit, on October 25, 1995 
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according to the Budapest treaty. The transformant pBK/OlFlO was grown and the 
plasmid pBKOCIF was purified according to ^he standard protocoLj 



EXAMPLE 12 

Determination of the nucleotide sequence of OCIF cDNA containing the full 
coding region. . 

The nucleotide sequence of OCIF cDNA obtained in EXAMPLE 11 was 
determined using'* Taq Dye Deoxy Teminater Cycle Sequencing kit (Perkin Elmer). 
The primers used were T3, T7 [primers] (Stratagener) and synthetic primers 
designed according to the OCIF cDNA sequence. The sequences of these primers 
are shown in [sequence numbers) 16 to 29. The nucleotide sequence of the OCIF 
cDNA is shown in^equence nurabe^ 6 and the amino acid sequence predicted by 
the cDNA sequence is shown in^equence nuraberj 5. 



EXAMPLE 13 

Production of recombinant OCIF by 293/EBNA cells 

i) Construction of the plasmid for expressing OCIF cDNA 

pBKOCIF^ containing about 1.6 kb OCIF cDNA^was prepared as described in 
EXAMPLE l^jand digested with restriction enzyme^^BamHI and Xhol. The OCIF 
cDNA insert was cut out, separated by an agarose gel electrophoresis and 
purified using* QIAEX gel extraction kit (QIAGEN). The purified OCIF cDNA 
[jnsert was ligated using DNA ligation kit ver. 2 (Takara Shuzo) to the} 
expression vector pCEP4 (Invitrogen)* digested with restriction enzyme^TBamHI 
and Xhol. IjE, col i^ DH5a (Gibco BRL) was transformed with the ligation mixture. 
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The transformants were grown and the plasraid containing the OCIF cDNA (about 

4. 

1.6 kb) was purified using*QIAGEN column (QIAGEN). The expression plasmid 
pCEPOCIF was precipitated with ethano^,^and dissolved in sterile distilled 
water^as used in the exprerimentsj[ described below. 



.ocXF 



ii) Transient expression of OCIF cDNA and analysis of (th^ biological activity 

Recombinant OCIF was produced using the expression plasmicJT/ pCEPOCIF 

(prepared in EXAMPLE I3-i) according to the method described below. 8x10^ cells 

of 293/EBNA (Invitrogen) were inoculated(5nl each .*ell of [thej 6-well plate 

using IMDM containing 10 % fetal calf serura (Gibco BRL). After the cells were 

incubated for 24 hours, the culture medium was removed and the cells were 

washed with serura free IMDM. The expression plasmi<^3 pCEPOCIF and 

lipofectamine (Gibco BRL) were diluted with OPTI-MEM (Gibco BRL), gnd wer£] 

mixed, and added to the cells in each well according to the manufacture's 

instructions. Three g of pCEPOCIF and 12 m 1 of lipofectamine were used for 

each transfection. After the cells were incubated with pCEPOCIF and 

lipofectamine for 38 hours, the medium was replaced with 1 ml of OPTI-MEM. 

After [the transfected cells were incubated] for 30 hours, the conditioned 

medium was harvested and used for the biological assay. The biological 

activity of OCIF was analysed according to the method described below Bone 

/ 7 clAif 0 1 J 

marrow cells obtained from (mice. 17 days-old, l suspended in a -MEM 

(manufactured by GIBCO BRL Co.) containing lOX FBS. C^xIO-'mT activated vitamin 
^3 and eachjtest sample, and were (inoculatd) and cultured for 7 days at 37*^ 
in humidified 5%C0^ as described in EXAMPLE 2. During incubation. 160 
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M 1 of old medium in each well was replaced with the same volume of the fresh 

medium containing test sample diluted with IxlO'^M of activated vitamin D3 and 

a-MEM containing FBS on day 3 and day 5. On day 7, after washing the wells 

with phosphate buffered saline, cells were fixed with ethanol/acetone (l:i) 

for 1 min. and ^hen^ osteoclast development was tested using^id phosphatase 

activity mesuring kit (Acid Phosphatase, Leucocyte, Catalog No. 387-A, Sigma 

Co.). flhe decrease ofj the number of TRAP positive cells was taken as an OCIF 

4 'The- 

activity. ^s result, the[ conditioned medium showed the same OCIF activity as 
natural OCIF protein from IMR-90 conditioned raediurft (Table 4). 



Table 4 

OCIF activity of 293/EBNA conditioned medium. 



Cultured Cell 




Dilution 






1/20 1/40 


1/80 1/160 1/320 


1/640 1/1280 


OCIF expression 
vector transfected 


++ ++ 


++ ++ ++ 


+ 


vector 

transfected ______ 


untreated ______ 



[ ++ ; OCIF activity inhibiting osteoclast development more than 80%, + ; OCIF 
activity inhibiting osteoclast development between 30% and 80%, and - ; no 
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OCIF activity, ] 



iii) Isolation of recombinant OCIF protein from 293/EBNA-conditioned medium 
293/EBNA-conditioned medium (1.8 1) obtained by cultivating the cells 
described in example 13-ii) was supplemented with 0.1 X^flCHAPS and filtrated 

\ with*] 0.22 ixm membrane filter (Steribecs GS, fMilipofeTCo. ). The conditioned 
medium was applied to{[50 ml of a]heparin Sepharose CL-6B column (2.6 x 10 cm, 
Pharmacia Co.) equilibrated with lOmM Tris-HCl, pH 7.5. After washing the 
column with lOmM Tris-HCl, pH 7. 5i the adsorbed prptein was eluted from the 
column with^ linear gradient from 0 to 2 M NaCl at a flow rate of 4 ml/min for 
100 min, and fractions^ ml)jwere collected. Using 150 /i 1 of each fraction, 
OCIF activity was assayed according fo the method described in EXAMPLE 2. 

joCIF active fraction (112 ml)J eluted with approximately 0.6 to 1.2 M NaCl^was 
obtained. 

One hundred twelve ml of the active fraction was diluted to 1000 ml with 
10 mM Tris-HCl, 0. 1% CIIAPS, pH 7.5, and applied to a heparin affinity column 
(heparin-5PW, 0.8 x 7.5 cm, Tosoh Co.) equilibrated with lOmM Tris-HCl, 0. 1% 

CHAPS, pH 7.5. After washing the column with lOmM Tris-HCl, 0.1% CHAPS, pH 

a. 

7.5, the adsorbed protein was eluted from the column with^ linear gradient from 
0 to 2 M NaCl at a flow rate of 0. 5ml/min for 60 mi n,^j and^ fractions |^0. 5 ml^j 
were collected. Four /i 1 of each fraction was analyzed by SDS-polyacrylamide 
gel electrophoresis under reducing and non-reducing c^ditions as described 
in EXAMPLE 4. (On SDS-PAGE under reducing conditions, a\ single band of rOCIF 
protein with an apparent 60(KD|was detected in fractions from 30 to 3^ under] a ^ 
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Q)on-reducing conditions, bands)of rOCIF protein with[an apparent] 60 (KDJ aM 
120£KDjwere also detected in fractions from 30 to 32? The isolated rOCIF 

[fraction from) 30 to 32 was designated as recombinant OCIF derived from 293/EBNA 
(rOCIF(E)). 1.5 ml of the rOCIF(E) (535 /i g/ml) was obtained when determined 
by the method of Lowry^ using bovine serum albumin as a standard protein. 

EXAMPLE 14 

Production of recombinant OCIF using CHO cells 

i) Construction of the plasmid for expressing OCIF/ 

pBKOCIF containing about 1. 6 kb OCIF cDNA was prepared as described in 

EXAMPLE 11, and digested with restriction enzyme^-] Sail and EcoRV. About 1.4 

kb OCIF cDNA insert was separated by |jinj agarose gel electrophoresi^-j and 

purified from the gel using^QIAEX gel extraction kit (QIAGEN). The expression 

vector, pcDL-SR a 296 (Molecular and Cellular Biology, vol 8, p466, 1988) was 

digested with restriction enzyme^^ PstI and KpnI. About 3.4 kb of the 

expression vector fragment was cut out, separated by agarose gel 

electrophoresi^Jand purified from the gel usingAQIAEX gel extraction kit 

(QIAGEN), The ends of the purified OCIF cDNA insert and the expression vector 

Or 

fragment were blunted using'^DNA blunting kit (Takara Shuzo). The purified OCIF 

a, 

cDNA insert and the expression vector fragment were ligated using^DNA ligation 
kit ver. 2 (Takara Shuzo). E.(colii] DH5a a (Gibco BRL) was transformed with 
the ligation mixture, (jheltransforraant containing the OCIF expression plasmid, 
pSRaOCIF was obtained. 
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ii) Preparation of^ expression plasmid 

The transformant containing the OCIF expression plasmid, pSR aOCIF 
fpreprared in the| example 13-i) and the transformant containing the mouse DHFR 
expression plasmid, pBAdDSV shown in W092/01053 were grown according to (the] 
standard ^ethodj Both plasraids were purified by alkali treatment, polyethylene 
glycol precipitation, and cesium fchrolide/ density gradient ultra 
centrifugation according to^method of Maniatis et al. (Molecular cloning, 2nd 
edition). 



iii) Adaptation of CHOdhFr- cells to the protein free medium 

CHOdhFr- cells (ATCC, CRL 9096) were cultured in IMDM containing 10 % 
fetal calf serum. The cells were adapted to EX-CELL 301 (JRH Biosciecnce) and 
then adapted to EX-CELL PF CHO (JRH Biosciecnce) according to the 
manufacture' s instructions. 



iv) Transfection of the OCIF expression plasmid, and the mouse DHFR expression 

plasmid, [to] CHOdhFr- cells. 

CHOdhFr- cells prepared in EXAMPLE 14-iii) were transfected by 

electroporation with pSRaOCIF and pBAdDSV prepared in EXAMPLE 14-ii). 
[200] Mg of pSRaOCIF and 20 /xg of pBAdDSV were dissolved under sterile 

conditions in 0.8 ml of IMDM (Gibco BRL) containing 10 % fetal calf serumCc^. 
r2xlO^ cells off CHOdhFr- were suspended in 0.8 ml of this medium. The cell 

suspension was transfered to a cuvette (Bio Rad) and the cells were ^ 

transfected by electroporation using^gene pulser (Bio Rad) underQondition| of 
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360 V and 960 /xF. The suspension of electrdporated cells was transferred to 
T-flasks (Sumitomo Bakelite) containing 10 ml of EXrCELL PF-CHO, and incubated 
in the COg incubator for 2 days. [Then the] transfected cells were'^ inoculated 
^lij each well of a 96 well plate (Sumitomo Bakelite) at a density of 5000 
cells/well and cultured for about 2 weeks. The transformants expressing DHFR 
are selected since EX-CELL FF-CHO does not contain nucleotides and the 
parental cell line CHO dhFr- can not grow in this medium. Most of the 
transformants expressing DHFR express OCIF since the OCIF expression plasmid 
was used ten times as much as the mouse DHFR /expression plasmid. The 
transformants whose conditioned medium had high OCIF activity were selected 
among the transformants expressing DHFR according to the method described in 
EXAMPLE 2, The transformants that express large amounts of OCIF were cloned 
by limiting dilution. The clones whose conditioned medium had high OCIF activity 
were selected as described above and [thej transformant expressing large [amountj 
of 0CIFr 5561; was obtained, 

v) Production of recombinant OCIF 

To produce recombinant OCIF (rOCIF) , [eX-CELL 301 medium (3 1) in a 
^-spiner flask was inoculated with the clone (5561)| at a cell-density of 1x10^ 
cells/ml. The 5561 cells were cultured in a spiner flask at ZlX^ for 4 to 5 
days. When the concentration of the 5561 cells reached^oj 1x10® cells/ml, about 
2. 7 1 of the conditioned medium was harvested. Then about 2. 7 1 of EX-CELL 301 
was added to the spiner flask and the 5561 cells were cultured repeatedly. 
About 20 1 of the conditioned medium was harvested using the three spiner 
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flasks- 
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vi) Isolation of recombinant OCIF protein from CHO (cells-conditioned] medium 

^Ocells-conditioneJjmedium (1.0 1) described in(EXAMP]y 14^^ was 

supplemented with 1.0 gfoflCHAPS and filtrated with'*0.22 /zm membrane filter 

(Steribecks GS,^ilipore|eo,)- The conditioned medium was applied to a heparin 

Sepharose-FF column (2,6 x 10 cm, Pharmacia Co.) equilibrated with 10 mM 

Tris-HCl, pH 7.5. After washing the column with 10 mM Tris-HCl, 0, 1 % CHAPS, 

pH 7.5, the adsorbed protein was eluted from the column with"" linear gradient 

from 0 to 2 M NaCl at a flow rate of 4 ml/min for 100 min. and fractions |(8^ 

TmlTlwere collected. Using 150^1 of each fraction, OCIF activity was assayed 

according to the method described in EXAMPLE 2, jActivej fraction (112 ml) 

eluted with approximately 0.6 to 1, 2 M NaCl was obtained. 

The 112 miroflactive fraction was diluted to 1200 ml with 10 mM Tris-HCl, 

0. 1% CHAPS, pH 7. 5, and applied to ^3af f inity column {tlu^-5PW, 0. 5 x 5. 0 cm, 

Tosoh Co.) equilibrated with 10 mM Tris-HCl, 0. 1% CHAPS, pH 7,5. After washing 

the column with 10 mM Tris-HCl, 0.1% CHAPS, pH 7.5, the adsorbed- protein was 

eluted from the column with* linear gradient from 0 to 3 M NaCl at a flow rate 

of 0. 5ml/min for 60 rain.(^'jand fractions (0.5 ml) were collected. Four m 1 of 

each fraction [wa^subjected to SDS-polyacrylamide gel electrophoresis under 

reducing and non-reducing conditions as described in EXAMPLE 4. [On SDS-PAGE J . 

hinder reducing conditions, *aj single band of rOCIF protein with^pparent'^60 KD , 

A Us)r\^ StS-rA<^£ under YPAu^inc^ rnnJ-.^-inns.. \5^^^5 

was detected in fractions 30 to 3^ under non-reducing conditions, band^ of 

n u^{erid(Lf ^^^c\<jnts ^ iiViA^ 5 t>S- PAfr^iA-hAer noi^^recCcgcmj a)<vjvi''ons 
rOCIF protein with apparent'^60 KD and*^ 120 KD were also detected in fractions 
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30 to 38. The isolated rOCIF fraction, 30 to 38. was designated as purified 
recombinant OCIF derived from CHO cells (rOCIF(C)). 4.5 ml of the rOCIF(C) 

A ob- f<line.i. «-S 

(113 Mg/ml) was (olDtained whe™ determined by the method of Lowry using bovine 
serum albumin as a standard protein. 
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EXAMPLE 15 

Determination of N-terminal amino acid sequence of rOCIFs 

Each 3 /zg of the isolated rOCIF(E) and rOClF(C) was adsorbed to 
polyvinylidene difluoride (PVDF) membranes with Prospin (PERKIN ELMER Co.). 
The membranes were washed with 20 % ethanol and the N-terminal amino acid 
sequences of the adsorbed proteins were analyzed by protein sequencer (PROCISE 
492. PmN^EUgl Co.). The determined N-terminal amino acid sequence is shown 

in(sequince.No:| 7. , l. - - . / f^W 

-PL »r . , . r- p^sHibi) <Sol 

The N-terminal amino acid of rOCIF(E) and rOClF(C) was Ehe 22th aminol 

[acid of glutamine from Met as translation starting point, as shown in sequence^ 
J^umberJ 5. The 21 amino acids, from Met to Gin were identified as a signal 
peptide. The N-terminal amino acid sequence of OCIF isolated from IMR-90 
conditioned raediura[was undetectable^ Accordingly, the N-terminal (glutaminel 
of OCIF may be blocked by [converting frora| |lutamin^ to pyroglutamine within 
l^ulturing or purif ingTj -» QCl\ Cul4-iLre or ^.'^^i<^-\-\on S-h;p^. 

EXAMPLE 16 

Biological activity of recombinant (r) OCIF and natural (n) OCIF 

i) Inhibition of vitamin Dj induced osteoclast formation jTromJ murine bone 

marrow cells 

Each the rOCIF(E) and nOCIF^araple wasj diluted with a-MEM (GIBCO BRL 
Co.) containing 10% FBS and 2x10"''M of activated vitamin D3 (a final 
concentration of 250 ng/ml). Each sample was serially diluted with the same 
medium, and 100 1 of each diluted sample was added to each well^nj 96-well 
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plates. Bone marrow cells obtained fromfmice, 17 days-old J were inoculated at 
a cell density of 3x10^ cells/lOO/i 1/ well [t^^ch well (inj96-well plat^jand 
cultured for 7 days at 37*C in humidified S%CO^. On day 7. the cells were 
fixed and stained withfajacid phosphatase gesuringj kit (Acid Phosphatase, 
Leucocyte, No387-A, Sigma) according to the method described in EXAMPLE 2. ^hej"^ 
decrease (of{ acid phosphatase activity (TRAP) was taken as^'OCIF activity, ffhel 
decrease {o^ acid phosphatase-positive cells was evaluated by solubilizing the 
pigment of dye and measuring absorbance. [in de'tai^lOO /z 1 of a mixture of 
0.1 N NaOH and dimethylsulfoxide (1:1) was added to e^ch well and the well was 
vibrated to solubilize the dye. After solubilizing the dye completely, an 
absorbance of each well was measured at 590 nm, subtracting the absorbance at 
490 nm using micrbplate reader (Immunoreader NJ-2000, InterMed). The 
microplate reader was adjusted to 0 absorbance using a well with monolayered 
bone marrow cells which |wa^ cultured in the medium without activated vitamin 
yThe decrease o?^ TRAP activity was expressed as a percentage of the control 
absorbance value (=100%) ^ thej solubilized dye from wells with bone marrow 
cells |which were[ cultured in the absence of[0CIF^ The results are shown in 
Table 5. 
Table 5 

Inhibition of vitamin D3-induced osteoclast formation from murine bone 
marrow cells 

OCIF concentration (ng/ml) 250 125 63 31 16 0 



rGCIF(E) 



0 0 3 62 80 100 
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nOCIF 



0 0 27 27 75 100 {%) 



Both nOCIF and rOCIF(E) inhibited osteoclast formation in a 
dose dependent mannerQn the concentrationj of 16 ng/ral or^jgher^ a ^eAtcrjt 



ii) Inhibition of vitamin D3-induced osteoclast formation in co-cultures of 
stromal cells and mouse spleen cells. 

|Effect( of OCIF on osteoclast formation induced by Vitamin D3 in 
co-cultures of stromal cells and mouse spleen, cells was tested according to 
the method of N. Udagawa et al. (Endocrinology, vol. 125, pl805-1813, 1989). 
jjn detaiyeach of rOCIF(E). rOCIF(C), and nOCIFjsatnple was[ serially diluted 
with a -MEM (GIBCO BRL Co.) containing 10% FBS, 2xlO'®M[ofJactivated vitamin 



D3, and 2x10' M dexamethason^J^and 100 /zl of each'* the diluted samples was added 
to each well in(96 well-microwell plates. Murine bone marrow-derived stromal 
ST2 cells (RIKEN Cell Bank RCB0224) f;] 5x10^ cells per 100^1 of a -MEM 
containing 10%^Sn and spleen cells fromlddy mice, 8 weeks-old, Tj 1x10^ cells 
per 100 III in the same medium, were inoculated ^oj each well jin 96-well platesj 
and cultured for 5 days at '^TC in humidified S^COj, On day 5, the cells were 
fixed and stained fwitna kit fofj acid phosphatase ^'tAcid Phosphatase, 
Leucocyte, No387-A, Sigma), mie decrease oxacid phosphatase-positive cells 
was taken'* as OCIF activity. The decrease (ofjacid phosphatase-positive cells 
was evaluated according to the method described in EXAMPLE 16-i). The results 
Lare shown in Table 6 ; rOCIF(E) and rOCIF(C), and Table 7 ; rOCIF(E) an^ 

(nociprj^ nOgfi 
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Table 6 

Inhibition of osteoclast formation in co-cultures of stromal cells and mouse 
spleen cells. 



OCIF concentration (ng/ral) 50 


25 


13 


6 


0 


rOCIF(E) 3 


22 




oU 


100 


rOCIF(C) 13 


19 


70 


96 


100 (%) 


Table 7 










Inhibition of osteoclast formation 


in co- 


"Cultures 






of stromal cells and mouse spleen cells. 








OCIF concentration (ng/ml) 250 


63 


16 


0 




rOCIF(E) 7 


27 


37 


100 




rOCIF(C) 13 


23 


40 


100 


(%) 



nOCIF, rOCIF(E) and rOCIF(C) inhibited osteoclast formation in a 
dose dependent manner ^n the concentration| of 6 -16 ng/ml or[higher^-i ^J^^^1^£l 

iii) Inhibit ion of PTH-induced osteoclast formation ^romj murine bone marrow 

(Effec^ of OCIF on osteoclast formation induced by PTH was tested 
according to the method of N, Takahashi et al, (Endocrinology, vol. 122, 
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P1373-1382, 1988)/andetail. each thel rOCIF(E) and nOCIF fsaniplel (125 ng/ral) 
^asjserially diluted with a-MEM (manufacture^ by GIBCO BRL Co.) containing 
10% PBS and 2x10"'M PTH, and 100 /xl of each'the diluted samples was added tox— — 
96 well-plates. Bone marrow cells fromjddy mice, 17 days-old,j at a cell 
density of 3x10* cells per 100 /il of a-MEM containing 10% PBS were 
inoculatedUm ^Sch well lim cultured for 5 days at 37°C in 



humidified SXCO-. On day 5, the cells were fixed with ethanoly^cetonl (1:1) for 

Kit. 

1 min. at room temperature and stained with [a kit fonacid phosphatase'* (Acid 



Phosphatase, Leucocyte, No387-A, Sigma) according the method described in 
EXAMPLE 2. ^hej decrease [ofjacid phosphatase-posit cells was taken as'^OCIF 
activity. The decrease (of] acid phosphatase-positive cells was evaluated 
according to the method described in EXAMPLE 16-i). The results are shown in 
Table 8, 
Table 8 

Inhibition of PTH-induced osteoclast formation from murine bone marrow cells. 



OCIF concentration (ng/ml) 


125 


63 


31 


16 


8 


0 


rOCIF(E) 


6 


58 


58 


53 


88 


100 


nOCIF 


18 


47 


53 


56 


91 


100 



nOCIF and rOClF(E) inhibited osteoclast formation in a dose 



dependent manner [in the concentrationjf of 16 ng/ml or jfilgherj >< ^ 



iv) Inhibition of IL-1 1-induced osteoclast formation 
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(4 ■ ] 
Effect^ of OCIF on osteoclast formation induced by IL-11 was tested ' 

according to the method of T. Tamura et al. (Proc. Natl. Acad. Sci. USA, vol, 

^ 8ncfl\f ^ ScLmpk^ ot of 
90, P11924-1I928. 1993). Qn detail, eac^ rOCIF(E) and nOCIF [sample was|^ 

serially diluted with a -MEM. (GIBCO BRL Co.) containing 10% FBS and 20 ng/ml 

IL-11 and 100^1 of each/theldiluted sample was added to each well in'^ge-well 

[platesT Newborn mouse calvaria-derived pre-adipocyte MC3T3-G2/PA6 cells (RIKEN 

Cell Bank RCB1127) ^5x10^ cells per 100 /xl of a-MEM containing 10% FBS, and 

spleen cells from Iddy mouse, 8 weeks-old, Jj 1x10^ cells per 100 ii\ in the 

same medium, were inoculated [t^ each well [in) 96-wefl Jplates[and cultured for * 

5 days at 37 °C in humidified 5%C02. On day 5, the cells were fixed and 

stained with {a kit for^acid phosphatase^ (Acid Phosphatase, Leucocyte, No387-A, 



Sigma). Acid phosphatase positive cells were counted under ^microscope and a 
decrease of the cell numbers was taken as OCIF activity. The results are shown 
in Table 9. 
Table 9 



OCIF concentration (ng/ml) 


500 


125 


31 


7.8 


2.0 


0.5 


0 


nOCIF 


0 


0 


1 


4 


13 


49 


31 


rOCIF(E) 


0 


0 


1 


3 


10 


37 


31 



Both nOCIF and rOCIF(E) inhibited osteoclast formation in a dose 
dependent manner (in the concentratio^ of 2 ng/ml or^igher|^ c ^reo^rer. 



The results shown in Table 4-8 indicated that OCIF inhibits all the 
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vitamin D3, PTH, and IL-ll-induced osteoclast formations at almost the same 

doses. Accordingly, OCIF (would be able tol be used for ^eatment of thef^ tf^^nj 

different types of bone disorders [witlTjdecreased bone mass, ^hicjijare caused 

by different substances ^hicHj induce bone resorption. 



EXAMPLE 17 

Isolation of raonoraer-type OCIF and dimer-type OCIF 

Each rOCIF(E) and rOCIF(C) sanple containing 100 /zg of OCIF protein, was 
supplemented with l/lOO volume of 25 % trifluoro acetic acid and -applied to 
a reverse phase column (PROTEIN-RP, 2.0x250 mm, YMC Co.) equilibrated with 30. 
% acetonitrile containing 0. 1 % trifluoro acetic acid. OCIF protein was eluted 
from the column with^linear gradient from 30 to 55 % acetonitrile at a flow 
rate of 0.2 ml/min for 50 min. and each OCIF peak was collected. |Each the^^ ^ — — 
monomer-type OCIF peak fraction and dimer-type OCIF peak fraction QwasjA u^e££ 
j lyophilized, respectivelyT^A eacj^ /yopl^i lizc!.^. 



EXAMPLE 18 

Determination of molecular weight of recombinant OCIFs 

Each 1 M g of the isolated raonoraer-type and dimer-type nOCIF purified 
using'^ reverse phase column according to EXAMPLE 3-iv) and each 1 m g of 
monomer-type and dimer-type rOCIF described in EXAMPLE 17 was concentrated 
under lyaccum, respectively^ Each sample was incubated in the buffer for SDS- 
PAGE, subjected to SDS-polyacrylamide gel electrophoresis, and protein bands 
on the gel were stained with silver according to the method described in 
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EXAMPLE 4. Results of electrophoresis under non-reducing conditions and 
reducing conditions are shown in (Figure 6 and Figure tJ'^ P^jujcs CocL nd 7. rf< Pcc^iVp ij/. 

A protein band with an apparent molecular weight of 60 KD was detected 
in each monomer-type OCIF sample, and a protein band with an apparent molecular 
weight of 120 KD was- detected in each dimer-type OCIF saraplepn^'n^J^^ucing 
conditions. A protein band with an apparent molecular weight of 60 KD was 
detected in^each monomer-type OCIF sample under reducing conditions. 
Accordingly/ molecular weights of monomer-type nOCIF from IMR-90 cells, rOCIF 
from 293/EBNA cells and rOCIF from CHO cells were almost the same?. Molecular 
weights of dimer-type nOCIF from IMR-90 cells, rOCIF from 293/EBNA cells, and 
rOCIF from CHO cells were also the same? "^'"^^ '^^-^ 



EXAMPLE 19 r -fti^- 

jRemov^ N-1 inked Oligosaccharide chain and j^surin J molecular weight of 
natural and recombinant OCIF 



Each sample containing 5 ax g of the isolated monomer-type and dimer-tVDe 
nOCIF purified using^reverse phase column according to EXAMPLE 3-iv) and each 
sample containing 5 ^g of monomer-type and dimer-type rOCIF described in 
EXAMPLE 17 were concentrated under vaccum. Each sample was dissolved in 9.5 
/il of 50 mM sodium phosphate buffer, pH 8.6. containing 100 mM 
2-mercaptoethanol, supplemented with 0.5 nl of 250 U/ml N-glycanase 
(Seikagaku kogyo Co.) and incubated for one day at 37 X:. Each sample was 
supplemented with 10 /x 1 of 20 mM Tris-HCl. pH 8.0 containing 2 mM EDTA. 5 % 
SDS, and 0. 02 % bromo-phenol blue and heated for 5 min at 100 °C. Each 1 /i I 
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of the samples was subjected to SDS-polyacrylamide gel electrophoresi^-jand 
protein bands on the gel were stained with silver as described in EXAMPLE 4. 
The patterns of electrophoresis are shown^^ Figure 8, 

An apparent molecular weight of each'the deglycosylated nOCIF from IMR-90 
cells, rOCIF from CHO cells, and rOCIF from 293/EBNA cells was 40 KD under 
reducing conditions. An apparent molecular Weight of each'^untreated nOCIF from 
IMR-90 cells, rOCIF from 293/EBNA cells, and rOCIF from CHO cells was 60 KD 
under reducing conditions. Accordingly, the results indicate that the OCIF 
proteins are glycoproteins with N-linked sugar chains. 
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EXAMPLE 20 



Cloning of OCIF variant cDNAs and determination of their DM [squences]^ jggac/»C-e3 

The plasraid pBKOCIF, ^hich is inserted} OCIF cDNA (to] pBKCMV (Stratagene) , 
was obtained (from one of some purified positive phagelas in example 10 and 11 
[And mor^ during the screening of the cDNA library with the 397 bp OCIF cDNA 
probe, the transformants containing plasmids whose insert sizes were different 
from that of pBKOCIF were obtained. These transformants containing the 
plasmids were grown and the plasmids were purified according to the standard 
method-. The sequence of the insert DNA in each plasmid was determined using ^- ' 
Taq Dye Deoxy Terminater Cycle Sequencing kit (Ferkin Elmer). The {used primerg ^ 
were T3, T^JprimersJ (Stratagene) and synthetic primers prepared based on the 
nucleotide sequence of OCIF cDNA. There are four OCIF variants (0CIF2, 3, 4, 
and 5) in addition to OCIF. The nucleotide sequence of 0CIF2 is shown in Ithe7 

(sequence number/ 8 and the amino acid sequence of OCIF 2 predicted by the 
nucleotide sequence is shown in ^he sequence numbe3 9. The nucleotide sequence 
of 0CIF3 is shown in |the sequence number] 10 and the amino acid sequence of 
0CIF3 predicted by the nucleotide sequence is shown in jthe sequence numberj 
11. The nucleotide sequence of 0CIF4 is shown in ^e sequence numbe^ 12 and 
the amino acid sequence of 0CIF4 predicted by the nucleotide sequence is shown 
in |the sequence nurabe^ 13. The nucleotide sequence of 0CIF5 is shown in Ithel 

^equence number] 14 and the amino acid sequence of 0CIF5 predicted by the 
nucleotide sequence is shown in ^e sequence numb^ 15. The structures of OCIF 
variants are shown in Figures 9 to 12 and are^McHfcl[in brie^ below. 
0CIF2 
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A 0CIF2 cDNA has a deletion of 21 bp from guanine at nucleotide number 265 
to guanine at nucleotide number 285 in OCIF cDNA (fequence numbeg6). 
Accordingly, 0CIF2 has a deletion of 7 amino acids from glutamic acid (Glu) at 
amino acid number 68 to glutamine (Gin) at amino acid number 74 in OCIF 
(^equence numbe^ 5) . 
0CIF3 

A-^-^CIFZ cDNA has a point mutation at nucleotide number 9 in'^OCIF cDNA 
<£equence numbe^ 6) where cytidine is replaced with guanine. 

Accordingly^ 0CIF3 has a mutation ^ndjasparagine (Asn) at amino acid number -19 ' 
in OCIF dgequence numbers) is replaced with lysine (Lys). The mutation seems 
to be located in the signal sequence and [have] no essential effect on the 

^ ^r^--h'f>n of 

[secreted) 0CIF3. 0CIF3 cDNA has a deletion of 117 bp from guanine at nucleotide 
number 872 to cytidine at nucleotide number 988 in" OCIF cDNA (fequence number] 
6). 

Accordingly^ 0CIF3 has a deletion of 39 amino acids from threonine (Thr) at 
amino acid number 270 to leucine (Leu) at amino acid number 308 in OCIF 
^equence numbej^5), 

|^CIF4 cDNA has two point mutations in OCIF cDNA (sequence number 6)T] 
Cytidine at nucleotide number 9 is replaced with guanine and guanine at 
nucleotide number 22 is replaced with thymidine in"* OCIF cDNA (^equence number) 
6). 

Accordingly^ 0CIF4 has two mutations. Asparagine (Asn) at amino acid number -19 
in OCIF (^e^iuence number] 5) is replaced with lysine (Lys), and alanine (Ala) 
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at amino acid number -14 is replaced with serine (Ser). These mutations seem 
to be located in the signal sequence and have no essential effect on the 
secreted 0CIF4. • • 

0CIF4 cDNA has about 4 kb DNA, (which is the] intron 2 of'OCIF gene, inserted 
between nucleotide number 400 and nucleotide number 401 in OCIF cDNA (^equence] 
|number|6). The open reading frame stops in intron 2. 

Accordinglj^ 0CIF4 has an additional novel amino acid sequence containing 21 

^ S6G). XD No. -S" ) 

amino acids after alanine (Ala) at amino acid number 112 in OCIF (gequence[ 
|number 5) J . ' 

0CIF5 , 

0CIF5 cDNA has a point mutation at nucleotide number 9 in OCIF cDNA 
(Sgequence number! 6) where cytidine is replaced with guanine. 
Accordingly^ 0CIF5 has a mutation ^ndjasparagine (Asn) at amino acid number -19 
in OCIF (^equenpe numbers) is replaced with lysine (Lys). The mutation seems 
to be located in the signal sequence and^avejno essential effect on the 
l^secreted] 0CIF5. 

^T^OCIFS cDNA has the latter portion (about 1.8 kb) of intron 2 between 
nucleotide number 400 and nucleotide number 401 in OCIF cDNA (gequence number] 
6). The open reading frame stops in the latter portion of intron 2, 
Accordingly 0CIF5 has an additional novel amino acid sequence containing 12 
amino acids after alanine (Ala) at amino acid number 112 in OCIF (^equencej 
l^umber 5)7^ 



EXAMPLE 21 
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Production of OCIF variants 
. i) Construction of the plasmid for expressing OCIF variants 

jjhe plasmidj containing 0CIF2 or 0CIF3 cDNA%as\ obtained as described in 
EXAMPLE 20 and called pBK0CIF2 and pBK0CIF3, respectively. pBK0CIF2 and 
pBKOCIFS were digested with restriction enzyme^-] BamHI and XhoL The 0GIF2 and 
0CIF3 cDNA inserts were separated by agarose gel electrophoresi^-j and purified 
from the gel using^'QIAEX gel extraction kit (QIAGEN). The purified 0CIF2 and 
0CIF3 cDNA inserts were individually "ligated using'^DNA ligation kit ver. 2 
(Takara Shuzo) to the expression vector pCEP4 (Invitrogen) that had been 
digested with restriction enzyme^^ BatnHI and XhoL E.{coli^ DH5a (Gibco BRL) 
was transformed with the ligation mixture. 

The plasmid containing 0CIF4 cDNA was obtained as described in EXAMPLE 20 and 

called pBKGCIF4. pBK0CIF4 was digested with restriction enzyme^jSpel and Xhol 

(Takara Shuzo). The 0CIF4 cDNA insert was separated by [an*] agarose gel 

electrophoresis, and purified from the gel using'^QIAEX gel extraction kit 

S 

(QIAGEN). The purified 0CIF4 cDNA insert was ligated using'^DNA ligation kit 
ver. 2 (Takara Shuzo) to [thej expression vector pCEP4 (Invitrogen) that had 
been digested with restriction enzymeq^-jNhel and Xhol (Takara Shuzo). E. golij'^ " ^^^^ ^^^t^ 
DH5 a (Gibco BRL) was transformed with the ligation mixture. ! 
The plasmid containing 0CIF5 cDNA was obtained as described in EXAMPLE 20 and 
Lwasjcalled pBKOCIFS. pBKOCIFS was digested with restriction enzym^^ Hindi II 
(Takara Shuzo). The 5' portion of the coding region in the 0CIF5 cDNA insert 
was separated by agarose- gel electrophoresi^^and purified from the gel using /v ^ 
QIAEX gel extraction kit (QIAGEN). The OCIF expression plasmid, pCEPOCIF, 
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obtained in EXAMPLE 13-i) was digested with ^restriction enzym^jHindlll 
(Takara Shuzo). The 5' portion of the coding region in the OCIF cDNA was removed. 
The rest of the plasmid that contains pCEP vector and the 3' portion of the 
coding region of OCIF cDNA was called pCEPOCIF-3' . pCEPOCIF-3' was separated 
by(an]agarose gel electrophoresi^^and purified from the gel using^QIAEX gel 
extraction kit (QIAGEN). The 0CIF5 cDNA Hindlll fragment and pCEPOCIF-3' were 
li gated using DNA ligation kit ver. 2 (Takara Shuzo). E.^oli^ DH5 a (Gibco 
BRL) was transformed with the ligation mixture. 

The Obtained transformantj) were grown at 37 overnight and the OCIF Variants] 
expression plasmids (pCEP0CIF2, pCEP0CIF3, pCEP0CIF4. and pCEPOCIFS) were 
purified using QIAGEN {columnj (QIAGEN). These 0CIF-^ariant3j-expression plasmids 
were precipitated with ethanpl, dissolved in sterile distilled water, and used 
in the |expreriment^ described below. 



li) Transient expression of OCIF variant cDNAs and analysis of the biological 
activity of recombinant OCIF variants. 

Recombinant OCIF variants were produced using the expressionj^lasmidj 
pCEP0CIF2. PCEP0CIF3, pCEP0CIF4, and pCEPOCIFS [prepared] as described in 
EXAMPLE 2l-i) according to the method described in EXAMPLE 13-ii). The 
biological activities of recombinant OCIF variants were analysed. The results 
were that these OCIF variants (0CIF2, 0CIF3, 0CIF4, and 0CIF5) had [aj weak 
activity. 



EXAMPLE 22 
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Preparation of OCIF mutants 

i) Construction of a plasmid vector for subcloning cDNAs encoding OCIF mutants 
The plasmid vector (5 ug) described in EXAMPLE 11 was digested with 
restriction enzymes Bam HI and Xho I ( Takara Shuzo). The digested DMA was 
subjected to [a j preparative agarose gel electrophoresis, DNA fragment with an 



approximate size of 1.6 kilobase pairs (kb) that contained the entire coding 
sequence for OCIF was purified from the gel using^ QIAEX gel extraction kit 
(QIAGEN). The purified DNA was dissolved in 20 ixl of sterile distilled 
water. This solution was designated DNA solution 1/ p Bluescript II SK + (3 
11 g) (Stratagene) was digested with restriction enzymes Bam HI and Xho I 
(Takara Shuzo). The digested DNA was subjected to preparative agarose gel 

A 

electrophoresis. '•"^ DNA fragment with an approximate size of 3.0 kb was 
purified from the gel using'' QIAEX DNA extraction kit (QIAGEN). The purified 
DNA was dissolved in 20 iil of sterile distilled water. \Jhe] solution was 
designated DNA solution 2. One microliter of DNA solution 2, 4 1 of DNA 
solution 1 and 5 /x 1 of ligation buffer I(of3DNA ligation kit ver, 2 (Takara 
Shuzo) were mixed and incubated at 16 *t> for 30 min. (The ligation mixture 
was used (fo^ the transformation of E. coli in a manner described below). 
Conditions for transformation of E. coli were as follows. One hundred 
microliters of competent E. coli DH5 a cells (GIBCO BRL) and Sjil of the 
ligation mixture^was^ mixed in a sterile 15-ml tube (IWAKI glass). The tube 
was kept on ice for 30 min. After incubation for 45 sec at 42°C, ^o the cellsi 
\jas added|250 m 1 of L broth (1% Tryptone. 0.5% yeast extract, 1% NaCl)\ The 
cell suspension was then incubated for Ihr. at 37°C with shaking. Fifty 
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microliters of the cell suspension was plated onto an L-agar plate containing 
50/ig/ml of ampicillin. The plate was incubated overnight at 37°C. 

Six colonies which grew on the plate were ^ndividuarTyp-ncubated in 2 ml 
^ach] of L-broth containing 50 /z g/ml [ofj ampicillin overnight at ZTZ with 
shaking. The structure of the plasmids in the colonies was analyzed. A 
plasmid in which the 1.6-kb DNA fragment containing the entire OCIF cDNA is 
inserted between the digestion sites of Bam HI and Xho I of pBluescript II SK 
+ was obtained and designated as pSK + -OCIF. 

ii) Preparation of mutants in which , one of the Cys residues in OCIF is 
replaced with Ser residue 
1) Introduction of mutations into OCIF cDNA 

OCIF mutants were prepared in which one of the five Cys residues present 
in OCIF at positions 174, 181, 256, 298 and 379 (in SEQUENCE NO 4) was replaced 

Cl 

with^'Ser residue and were designated 0CIF-C19S(174Cys to Ser), 0CIF-C20S 
(IBlCys to Ser), 0CIF-C21S (256Cys to Ser). 0CIF-C22S (298Cys to Ser) and 
0CIF-C23S (379Cys to Ser), respectively. 

To prepare the mutants, nucleotides encoding the corresponding Cys residues 
were replaced with those encoding Ser. Mutagenesis was carried out by a 
two-step polymerase chain reaction (PCR). The first step of the PCRs 
consisted of two reactions, PCR I and PCR 2. 

PCR 1 lOX Ex Taq Buffer (Takara Shuzo) 10 ax 1 

2, 5 mM solution of dNTPs 8 1 

the plasmid vector described in EXAMPLE 11 (8ng/ml) 2 /i 1 
sterile distilled water 73.5 ii\ 
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20 piU solution of primer 1 
100 ;zM solution of primer 2 (for mutagenesis) 
Ex Taq (Takara Shuzo) 

PCR 2 lOX Ex Taq Buffer (Takara Shuzo) 

2. 5 mM solution of dNTPs 

the, plasraid vector described in EXAMPLE 11 (8ng/ral) 
sterile distilled water 
20 |zM solution of primer 3 

100 /zM solution of primer C (for mutagenesis) 
Ex Taq (Takara Shuzo) 

Specific sets of primers were used for each mutation and other components 
were unchanged. Primers used for the reactions are shown in Table 10. The 
nucleotide sequences of the primers are shown in[SEQUENCE NOjJ 20, 23, 27 and 
30-40. The PCRs were performed under the following conditions (as follows| An 
initial denaturation step at 97t; for 3 min was followed by 25 cycles of 
denaturation at 95°C for 1 min, annealing at 55°C for 1 min and extension at 
72°C for 3 min. After these amplification cycles, final extension was 
performed at TO'C for 5 min. Thersizej of the PCR ^rodcts waj confirmed by 
agarose gel electrophoresis ^singTeac After the first PCR, 

excess primers were removed using'' Amicon raicrocon (Araicon). The final volume 
of the solutions that contained the PCR products were made to 50;xl with sterile 
distilled water. These purified PCR products were used for the second PCR 
(PCR 3). 

PCR 3 lOX Ex Taq Buffer (Takara Shuzo) lo ^ \ 
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5 /zl 

1 U\ 
0,5 /zl 



10 III 
8 III 
2 III 
73.5 ill 
5 III 
I III 
0.5 Ml 



2, 5 mM solution of dNTPs 

solution containing DMA fragment obtained from PGR 1 

solution containing DNA fragment obtained from PGR 2 

sterile distilled water 

20 liU solution of primer I 

20 M solution of primer 3 

Ex Taq (Takara Shuzo) 



Table 10 



mutants 


primer-l 


primer-2 


primer-3 


priraer-4 


0CIF-C19S 


IF 10 


C19SR 


IF 3 


C19SF 


0CIF-C20S 


IF 10 


C20SR 


IF 3 


C20SF 


0CIF-C21S 


IF 10 


C21SR 


IF 3 


C21SF 


OCIF-C22S 


IF .10 


C22SR 


IF 14 


C22SF 


OCIF-C23S 


IF 6 


C23SR 


IF 14 


C23SF 



The reaction conditions were exactly the same as those for PCR 1 or FCR 
2. Thejjiz^of the PCR ^odcts walj confirmed by 1.0 % or 1. 5 % agarose gel 
electrophoresis. The DNA fragments were precipitated with ethanol, dried 
under vacuum and dissolved in 40 /i 1 of sterile distilled water. The solutions 
containing DNA fragments with(rautatioi? C19S, C20S, C21S, C22S and C23S were 



8 nl 
5 ul 
5 ul 
61.5 fil 
5 ul 
5 u 1 
0.5 /zl 
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designated as DNA solution A, DNA' solution B, DNA solution C, DNA solution D 
and DNA solution E, respectively. 

The DNA fragment which is contained in solution A (20;il) was digested with 
restriction enzymes Nde I and Sph I (Takar.a Shuzo). A DNA fragment with an 
approximate size of 400 base pairs (bp) was extracted from a preparative 
agarose gel and dissolved in 20 /z 1 of sterile distilled water. This DNA 
solution was designated DNA solution 3. Two micrograms of pSK + -OCIF (was]/t ^J£Sr 
digested with restriction enzymes Nde I and Sph I. A DNA fragment with an 
approximate size of 4; 2 kb was purified from a prefiarative agarose gel(withl'* ^^'^j ^ 
QIAEX gel extraction kit and dissolved in 20 /z 1 of sterile distilled 
water. This DNA solution was designated [as] DNA solution 4. Two microliters 
of DNA solution 3, 3 ^1 of DNA solution 4 and 5 jtz 1 of ligation buffer I (Sfl^^^ 
DNA ligation kit ver. 2 were mixed and ligation reaction was carried out. 
Competent^E. coli DH5 ^cells were transformed with 5 |z 1 of the ligation 
mixture, Ampici 11 in-resistant transformants were screened for a clone 
containing[a3plasmid DNA. DNA structure was analyzed by restriction enzyme 
mapping and by DNA sequencing. The plasmid thus obtained was named 
PSK-0CIF-C19S. 

The DNA fragment {^ich isj contained in solution B (20 /z 1) was digested 
with restriction enzymes Nde I and Sph I. A DNA fragment with an approximate 
size of 400 bp was extracted from a preparative agarose gel (witl^ QIAEX gel 
extraction kit and dissolved in 20|zl of sterile distilled water. This DNA 
• ' solution was designated DNA solution 5. Two microliters of DNA solution 5, 

3 /z 1 of DNA solution 4 and 5 ;z 1 of ligation buffer l(ofjDNA ligation kit 
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ver. 2 were mixed and'' ligation reaction was carried out. Competent E. coli ^- ^"^^ 

DH5 a cells were transformed with 5 ixl of the ligation mixture. 

Ampicillin-resistant transformants were screened for a clone containing [a^ 

plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 

DNA sequencing. The plasmid thus obtained was named pSK-OCIF-C20S. 

The DNA fragment which is contained in solution C (20 /x 1) was digested with 

restriction enzymes Nde I and Sph I. A DNA fragment with an approximate size 

of 400 bp was extracted from a preparative agarose gel (withj QIAEX gel 

extraction kit and dissolved in 20^1 of sterile distilled water. This DNA * 

solution was designated (as^ DNA solution 6. Two microliters of DNA solution 

6, 3 M 1 of DNA solution 4 and 5 //I of ligation buffer I foflONA ligation kit 

ver. 2 were mixed and ligation reaction was carried out. Competent E. coli 4 ^iS^ 

DH5 a cells were transformed with 5 ^ 1 of the ligation mixture. 

Ampicillin-resistant transformants were screened for a clone containing (a*^ 

plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 

DNA sequencing. The plasmid thus obtained was named pSK-0CIF-C21S. 

The DNA fragment which is contained in solution D (20 1) was digested with 

restriction enzymes Nde I and Bst PL A DNA fragment with an approximate size 



of 600 bp was extracted from a preparative agarose gel ^itfi\ QIAEX gel 
extraction kit and dissolved in 20 /xl'of sterile distilled water. This DNA 
solution was designated (asj DNA solution 7. Two micrograms of pSK + -OCIF^wasJ^ "ver^ 
digested with restriction enzymes Nde I and Bst PL A DNA fragment with an 
approximate size of 4.0 kb was extracted from a preparative agarose gel (wi tlf]^ ^s/nj ^ 
QIAEX gel extraction kit and dissolved in 20 /xl of sterile distilled 
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water. This DNA solution was designated ^s^DNA solution 8, Two microliters 
of DNA solution 7, 3 /z 1 of DNA solution 8 and 5^x1 of ligation buffer l(of2i^ 



DNA ligation kit ver. 2 were mixed and ligation reaction was carried out. 
Competent E. coli DH5 a cells were transformed with 5 |i 1 of the ligation 
mixture. Ampicillin-resistant transforraants were screened for a clone 
containing [jijplasraid DNA in which the 600-bp Nde I-BstPI fragment with the 
mutation (the C22S mutation) is substituted for the 600-bp Nde I-Bst PI 
fragment of pSK+ -OCIF by analyzing the DNA structure, DNA structure was 
analyzed by restriction enzyme mapping and by DNA^ sequencing. The plasmid 
thus obtained was named pSK-0CIF-C22S. 

The DNA fragment which is contained in solution E (20 /z 1) was digested 
with restriction enzymes Bst PI and Eco RV. A DNA fragment with an approximate 
size of 120 bp was extracted from a preparative agarose gel[with| QIAEX gel 
extraction kit and dissolved in 20 /z l of sterile distilled water. This DNA 
solution was designated ^sj DNA solution 9. Two micrograms of pSK + -OCIF ^asj^ 
digested with restriction enzymes Bst EII and Eco RV. A DNA fragment with an 
approximate size of 4,5 kb was extracted from a preparative agarose gel ^-1 thj>t UStn^ 
QIAEX gel extraction kit and dissolved in 20|il of sterile distilled 
water. This DNA solution was designatedfasjDNA solution 10, Two microliters 
of DNA solution 9, 3 ^ 1 of DNA solution 10 and 5 ^1 of ligation buffer Ifofl<^&il^ 
DNA ligation kit ver. 2 were mixed and'^ligation was carried out. Competent 
E. coli'' DH5 a cells were transformed with 5/xl of the ligation mixture, 
Ampicillin-resistant transformants were screened for a clone containing £a J 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
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DNA sequencing. The plasmid thus obtained Was named pSK-0CIF-C23S. 
2) Construction of vectors for expressing the OCIF mutants 

pSK-0CIF-C19S, pSK-0CIF-C20S, pSK-0CIF-C21S. pSK-0CIF-C22S and 
pSK-0CIF-C23S were digested with restriction enzymes Bam HI and Xho L The 
1, 6 kb Bam Hl-Xho* I DNA fragment encoding each OCIF mutant was isolated and 
dissolved in 20^1 of sterile distilled water. The DNA solutions that contain 
1.6 kb cDNA fragments derived from pSK-0CIF-C19S, pSK-<X:iF-C20S, pSK-0CIF-C21S, 
pSK-0CIF-C22S and pSK-OCIF-C23S were designated C19S DNA solution, C20S DNA 
solution, C21S DNA solution, C22S DNA solutiocT' and C23S DNA solution, * 
respectively. Five micrograms of [a^expression vector pCEP 4 (Invitrogen) (wasj^ 
digested with restriction enzymes Bam HI and Xho 1. A DNA fragment with an 
approximate size of 10 kb was purified and dissolved in 40^1 of sterile 
distilled water. This DNA solution was designated as pCEP 4 DNA 
solution. One microliter of pCEP 4 DNA solution and 6 m 1 of either[ci9SDNAl^ Cj^l£_J^ 
solution, C20S DNA solution, C21S DNA solution, C22S DNA solution or C23S DNA 
solution were independently mixed with 7 m 1 of ligation buffer l(ofjDNA 
ligation kit ver. 2 and'TTgation reactions were carried out. Competent E. 
coli^DHSa cells (100^1) were transformed with 7 /x 1 of each ligation 
mixture. Ampicillin-resistant transformants were screened for clones 
containing plasmid in which a 1.6-kb cDNA fragment is inserted between the 
recognition sites of Bam HI and Xho I of pCEP 4 by analyzing the DNA 
structure. The [plasmidel which were obtained containing the cDNA encoding 
0CIF-C19S. 0CIF-C20S, 0CIF-C21S, 0CIF-C22S and 0CIF-C23S were designated 
PCEP4-0CIF-C19S, PCEP4-0CIF-C20S, pCEP4-0CIF-C21S, pCEP4-0CIF-C22S and 
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pCEP4-0CIF-C23S, respectively. 

ii) Preparation of domain-deletion mutants of OCIF 
(1) deletion mutagenesis of OCIF cDNA 

A series of OCIF mutants with deletions ^fjfrom Thr 2 to Ala 42, from Pro 
43 to Cys 84, from Glu 85 to Lys 122, from Arg 123 to Cys 164, from Asp 177 
to Gin 251 and from He 252 to His 326 were prepared (positions of the amino 
acid residues are shown in (sequence noJ 4). These mutants were designated as 
OCIF-DCRl, 0CIF-DCR2, 0CIF-DCR3, 0CIF-DCR4, OCIF-DDDl and 0CIF-DDD2, 
respectively. 

Mutagenesis was performed by two-step PGR as described in EXAMPLE 22-(ii). 
The primer sets for the reactions are shown in Table 11 and the nucleotide 
sequences of the primers are shown in [SEQUENCE Noj 19, 25, 40-5^-| and 54. 
Table 11 



mutants 


primer- 1 


primer-2 


primer-3 


priraer-4 


OCIF-DCRl 


Xhol F 


DCRIR 


IF 2 


DCRIF 


0CIF-DCR2 


Xhol F 


DCR2R 


IF 2 


DCR2F 


0CIF-DCR3 


Xhol F 


DCR3R 


IF 2 


DCR3F 


0CIF-DCR4 


Xhol F 


DCR4R 


IF 16 


DCR4F 


OCIF-DDDl 


IF 8 


DDDIR 


IF 14 


DDDIF 


0CIF-DDD2 


IF 8 


DDD2R 


IF 14 


DDD2F 
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The final PGR products were precipitated with ethanol, dried under vacuum and 
dissolved in 40/il of sterile distilled water. Solutions of DNA ^ragmentJ^'^jrvi^W^ 
coding for portions of OCIF-DCRl, 0CIF-DCR2, 0CIF-DCR3; 0CIF-DCR4, OCIF-DDDl 
and 0CIF-DDD2 were designated (asJONA solutions F, G, H, I, J and K, 
respectively. 

The DNA fragment [which isj contained in solution F (20 fi l) was digested with 
restriction enzymes Nde I and Xho I. A DNA fragment with an approximate size 
of 500 bp was extracted from a preparative agarose gel (with] QIAEX gel 
extraction kit and dissolved in 20 /zl of sterile distilled water. This DNA * 
solution was designated DNA solution 11. Two micrograms of pSK+ -OCIF (was]j<^ '^^^^ 
digested with restriction enzymes Nde I and Xho I. A DNA fragment with an 
approximate size of 4.0 kb was extracted from a preparative agarose gelfwitRJ^ os/n^ fi.. 
QIAEX gel extraction kit and dissolved in 20^x1 of sterile distilled 
water. This DNA solution was designated DNA solution 12. Two microliters of 

DNA solution 11, 3 ^1 of DNA solution 12 and 5 ^1 of ligation buffer l(ofJ< 

DNA ligation kit ver. 2 were mixed and ligation was carried out. Competent 
E. coli DH5 a cells were transformed with 5 ^ 1 of the ligation mixture. 
Ampicillin-resistant transformants were screened for a clone containing(]a'2 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and 
by DNA sequencing. The plasmid thus obtained was named pSK-OCIF-DCRl. 

The DNA fragment which is contained in solution G (20 /x 1) was digested 
with restriction enzymes Nde I and Xho I. A DNA fragment with an approximate 
size of 500 bp was extracted from a preparative agarose gel [with] QIAEX gel 
extraction kit and dissolved in 20jul of sterile distilled water. This DNA 
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solution was designatedfasJONA solution 13. Two microliters of DNA solution 

13, 3 m1 of DNA solution 12 and 5 ii \ of ligation buffer I gfjDNA ligation 
kit ver. 2 were mixed and* ligation was carried out. Competent E. coli'^DHSa 
cells were transformed with ^ ii\ of the ligation mixture. 
Ampici 11 in-resistant transformants were screened for a clone containing 
plasmid[bNAj!( DNA structure was analyzed by restriction enzyme mapping and 
by DNA sequencing. The plasraid thus obtained was named pSK-0CIF-DCR2- 

The DNA fragment (which isj contained in solution H (20 /x 1) was digested with 
restriction enzymes Nde I and Xho I. A DNA fragment ^A^ith an approximate size ' 
of 500 bp was extracted from a preparative agarose gel [with] QIAEX gel 
extraction kit and dissolved in 20)ul of sterile distilled water. This DNA 
solution was designatedja^s} DNA solution 14. Two microliters of DNA solution 

14, 3 /z 1 of DNA solution 12 and 5 iil of ligation buffer ifof/DNA ligation 

kit ver. 2 were mixed and ligation reaction was carried out. Competent E. coli ^ " 

DH5 a cells were transformed with 5 /x 1 of the ligation mixture. 
Ampici 11 in-resistant transformants were screened for a clone containing a 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
DNA sequencing. The plasmid thus obtained was named pSK-0CIF-DCR3. 
The DNA fragment [which is] contained in solution I (20 /x 1) was digested with 
restriction enzymes Xho I and Sph I. A DNA fragment with an approximate size 
of 900 bp was extracted from a preparative agarose gel jwithj QIAEX gel 
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extraction kit and dissolved in 20^1 of sterile distilled water. This DNA 
solution was designated (is:lDNA solution 15. Two micrograms of pSKn- -OCIF fasl^ 
digested with restriction enzymes Xho I and Sph I. A DNA fragment with an 
approximate size qf 3.6 kb was extracted from a preparative agarose geliwith^ 
QIAEX gel extraction kit and dissolved in 20^1 of sterile distilled 
water. This DNA solution was designated ^s3dNA solution 16. Two microliters 
of DNA solution 15. 3 m 1 of DNA solution 16^and 5 m 1 of ligation buffer I 
rofTSTligation kit ver: 2. were mixed and'tSation reaction was carried 
out. Competent E. coli'DH5 a cells were transformed with 5 m 1 of the . 
ligation mixture. Ampicillin-resistant transformants were screened for a clone 
containingCa>lasmid DNA. DNA structure was analyzed by restriction enzyme 
mapping and by DNA sequencing. The plasmid thus obtained was named 
pSK-0CIF-pCR4. 

The DNA fragment^which is3contained in solution J (20 m D was digested with 
restriction enzymes BstP I and Nde I. A DNA fragment with an appr^^e size 
of 400 bp was extracted from a preparative agarose gel fwithj QIAEX gel 
extraction kit and dissolved in 20 m 1 of sterile distilled water. This DNA 
solution was designated ^s>NA solution 17. Two microliteg^DNA solution 
17 3 Ml of DNA solution 8 and 5^1 of" ligation buffer I Co^iir ligation kit 
ver. 2 were mixed an/ ligation reaction was carried out. Competent E. coli. 
D115 a cells were transformed with 5^1 of the ligation mixture. 
Ampicillin-resistant transformants were screened for a clone containing[a^ 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
DNA sequencing. The plasmid thus obtained was named pSK-OCIF-DDDl. 
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The DNA fragment (which isjcontained in solution K (20 /x 1) was digested with 
restriction enzymes Nde I and BstP L A DNA fragment with an approximate size 
of 400 bp was extracted from a preparative agarose gel [JwithJ QIAEX gel 
extraction kit and dissolved in 20 /i 1 of sterile distilled water. This DNA 
solution was designatedTas^lDNA solution 18. Two microliters of DNA solution 
18. 3 /il of DNA solution 8 and 5/il of ligation buffer l(of(DNA ligation kit 
ver. 2 were mixed and'^ ligation reaction was carried out. Competent E. coIIa — ■ 
DH5 a cells were transformed with 5 m 1 of the ligation mixture. 
Ampicillin-resistant transformants were screened ./for a clone containing{j^ 
plasmid DNA. DNA structure was analyzed by restriction enzyme mapping and by 
DNA sequencing. The plasmid thus obtained was named pSK-QCIF-DDD2. 

2) Construction of vectors for expressing the OCIF mutants 
pSK-OCIF-DCRl, pSK-0CIF-DCR2, pSK-0CIF-DCR3, pSK-0CIF-DCR4, pSK-OCIF-DDDl and 
pSK-0CIF-DDD2 were digested with restriction enzymes Bam HI and Xho I. The 
Bam Hl-Xho I DNA fragment containing entire coding sequence for each OCIF 
mutant was isolated and dissolved in 20 ^1 of sterile distilled water. These 
DNA solutions that contain the Bam Hl-Xho I fragment derived from 
pSK-OCIF-DCRl. PSK-0CIF-DCR2, pSK-0CIF-DCR3, pSK-0CIF-DCR4, pSK-OCIF-DDDl and 
pSK-0CIF-DDD2 were designated DCRl DNA solution, DCR2 DNA solution, DCR3 DNA 
solution, DCR4 DNA solution, DDDl DNA solution and DDD2 DNA solution, 
respectively. One microliter of pCEP 4 DNA solution and 6/zl of either DCRl 
DNA solution, DCR2 DNA solution, DCR3 DNA solution, DCR4 DNA solution, DDDl 
DNA solution or DDD2 DNA solution were independently mixed with 1 ii\ of 
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lication buffer I fof] DNA ligation Kit ver, 2 and ligation reactions were 

Sfntm 

carried out. Competent E. coli DH5a cells (100 fxl) were transformed with 
7 At 1 of each ligation mixture. Ampicillin-resistant transformants were 
screened for a clone containing {a]plasmid DNA in which the DNA fragment with 
deletions is inserted between the recognition sites of Bam HI and Xho I of 
pCEP 4 by analyzing the DNA structure. The plasmids containing the cDNA 
encoding OCIF^DCRl, 0CIF-DCR2, 0CIF-DCR3, 0CIF-DCR4. OCIF-DDDl and 0CIF-DDD2 
were designated (asj pCEP4-0CIF-DCRl. pCEP4-0CIF-DCR2, pCEP4-0CIF-DCR3, 
pCEP4-0CIF-DCR4. pCEP4-0CIF-DDDl and pCEP4-0CIF-DPD2, respectively, 

iii) Preparation of OCIF with C-terminal domain truncation 
(1) mutagenesis of OCIF cDNA 

A series of OCIF mutants with deletions^ofjfrom Cys at amino acid residue 
379 to Leu 380, from Ser 331 to Leu 380, from Asp 252 to Leu 380, from Asp 177 
to Leu 380, from Arg 123 to Leu 380 and from Cys 86 to Leu 380 was prepared. 
Positions of the amino acid residues are shown in ^EQUENCE NOjj 4. These 
mutants were designated as OCIF-CL, OCIF-CC, 0CIF-CDD2, OCIF-CDDl, 0CIF-CCR4 
and 0CIF-CCR3, respectively. 

Mutagenesis for OCIF-CL was performed by the two-step PCR as described 
in EXAMPLE 22-(ii). The primer set for the reaction is shown in Table 12. The 
nucleotide sequences of the primers are shown in^EQUENCE N0j23. 40, 55, and 
56, The final PCR products were precipitated with ethanol, dried under vacuum 
and dissolved in 40iul of sterile distilled water. This DNA solution was 
designatedja^sjsolution L, 
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The DNA fragment (which isj contained in solution L (20 was digested 

with restriction enzymes BstP I and EcoR V. A DNA fragment with an approximate 



size of 100 bp was extracted from a preparative agarose gel (with] QIAEX gel 
extraction kit and dissolved in 20^1 of sterile distilled water. This DNA 
solution was designated[as| DNA solution 19. Two microliters of DNA solution 
19, 3 M 1 of DNA solution 10 (described in EXAMPLE 22- (ii)) and 5^1 of 
ligation buffer I fofTwiAligation kit ver, 2 were mixed and ligation reaction 
was carried out. Competent E. coli'^DHS a cells were transformed with 5/il 
of the ligation mixture. Ampicillin-resistant transformants were screened for 
a clone containing(ajplasmid DNA. DNA structure was analyzed by restriction 
enzyme mapping and. by DNA sequencing. The plasmid thus obtained was named 
pSK-OCIF-CL^Mutagenesis of OCIF cDNA to prepare OCIF-CC, 0CIF-CDD2. OCIF-CDDl, 

0CIF-CCR4 and 0CIF-CCR3 was performed by a one-step PCRl • 

PCR reactions for mutagenesis to prepare OCIF-CC, 0CIF-CDD2, OCIF-CDDl, 

0CIF-CCR4 and 0CIF-CCR3- ^^^^ ^S^' 

lOX Ex Taq Buffer (Takara Shuzo) 10 m 1 

2. 5 mM solution of dNTPs 8^1 
the plasmid vector containing the entire. OCIF cDNA 

described in EXAMPLE 11 (8ng/ml) 2 /xl 

sterile distilled water 73. 5 iil 

20 solution of primer OCIF Xho F 5^1 

100 /zM solution of primer (for mutagenesis) 1 ix 1 

Ex Taq (Takara Shuzo) 0. 5 m 1 



Table 12 
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i* 



mutants primer-1 primer-2 primer-3 primer-4 



OCIF-CL . IF 6 CL R IF 14 CL F 



Specific primers . were used for each mutagenesis and other components were 
unchanged. 

Primers used for the mutagenesis are shown in Table 13. Their nucleotide 
sequences are shown in [SEQUENCE N0^57-61. The components of each PGR were 
mixed in a microcentrifuge tube and PGR was performed as follows. The 
microcentrifuge tubes were treated for 3 minutes at 97 °C and then incubated 
sequentially, for 30 seconds at 95 °C, 30 seconds at 50 °C and 3 minutes at 
70 °C. This three-step incubation procedure was repeated 25 times, and after 
that, the tubes were incubated for 5 minutes at 70 °C. An aliquot of the 
reaction mixture was removed from each tube and analyzed by^njagarose gel 
electrophoresis to confirm the size of each product. 

The size of the PGR products was confirmed on an agarose gel. | Excess primers 
in the PGRs were removed using Amicon microcon (Amicon) after completion of 
the reaction. The DNA fragments were precipitated with ethanol, dried under 
vacuum and dissolved in 40 /i 1 of sterile distilled water. The DNA fragment 
in each DNA solution was digested with restriction enzymes Xho I and Bam HI. 
After the reactions, DNA was precipitated with ethanol, dried under vacuum and 
dissolved in 20 ji 1 of sterile distilled water. 

The solutions containing" DNA fragment with the CC deletion, the CDD2 
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deletion, the CDDl deletion, the CCR4 deletion and the CCR3 deletion were 
designated/asJCC DNA solution, CDD2 DNA solution, CDDl DNA solution, CCR4 DNA 
solution andfCC RSJdNA solution, respectively. 
Table 13 



mutants primers for the mutagenesis 

OCIF-CC CC R 

0CIF-CDD2 CDD2 R 

OCIF-CDDl CDDl R 

0CIF-CCR4 CCR4 R 

0CIF-CCR3 CCR3 R 



(2) Construction of vectors for expressing the OCIF mutants 

pSK-OCIF-CL was digested with restriction enzymes Bam HI and Xho 1. The 

Bam Hl-Xho. I DNA fragment containing the entire coding sequence for OCIF-CL 
A iSo\ec{eJ and 

was (Tsolatedandjdissolved in 20 ^1 of sterile distilled water. This DNA 
solution was designated (asJCL DNA solution. One microliter of pCEP 4 DNA 
solution and 6 /x 1 of either[of|CL DNA solution, CC DNA solution, CDD2 DNA 
solution, CDDl DNA solution. CCR4 DNA solution or CCR3 DNA solution were 
independently mixed with 7 ax 1 of ligation buffer ifoflDNA ligation kit ver. 
2 and ligation reactions were carried out. Competent E. coli'^DHSa cells (100 
M 1) were transformed with 7 m 1 of each ligation mixture. Ampici 11 in-resistant 
transformants were screened for clones containing plasmids which have the 
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desirable mutations in OCIF cDNA by analyzing the DNA structure. In each 
plasmid, * OCIF cDNA fragment having a deletionVwere^ inserted between the 
recognition sites of Xho I and Bam HI of pCEP 4. The plasmids containing the 
cDNA encoding OCIP-CL, OCIF-CC, OCIF-CDDl, 0CIF-CDD2, 0CIF-CCR4 and 0CIF-CCR3 
were designated pCEP4-0CIF-CL, pCEP4-<)CIF-CC, pCEP4-0CIF-CDD2, 
PCEP4-0CIF-CDD1. pCEP4-0CIF-CCR4 and pCEP4-0CIF-CCR3, respectively. 



iv) Preparation of OCIF mutants with C-terminalj^runcation 

(1) Introduction of C-terminal (truncation I to OCIF / . 

A series of OCIF mutants with C-terminal |^runcation[ was prepared. ^ OCIF 

mutant in which 10 residues fofTfrom Gin at 371 to Leu at 380 ^r9 replaced with 

2 residues \of Leu-Valiwas designated OCIF-CBst.^ OCIF mutant in which 83 residues^ 
[j>f| from Cys 298 to Leu 380 [arel replaced with 3 residues [of Ser-Leu-As^ was 

designated OCIF-CSph/ OCIF mutant in which 214 res i dues (ofj from Asn 167 to Leu 

380 [arel removed was designated OCIF-CBsp, VOCIF muatantl in which 319 residues 
[[of^ from Asp 62 to Leu 380 jarej replaced with 2 residues Leu-Vaf| was 

designated OCIF-CPst. Positions of the amino acid residues are shown in 



fsEQUENCE N0J4. 

Two micrograms each of pSK + -OCIF (was"] digested with (one of the"] 
frestriction enzymesTj Bst PI, Sph I, PstI (Takara Shuzo)^ and]Bsp EI (New England 



Biolabs^^ andl followed by phenol extraction and ethanol precipitation. The 
precipitated DNA was dissolved in 10 ii\ of sterile distilled water. [Endsjof 

a 

the DNAs in 2 /i 1 of each solution were blunted using a DNA blunting kit in 
final (yolumesj^of 5 /i 1. To the reaction mixtures, I /i g (1 /i 1) of an Amber 
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codon-containing Xba I linker (5' "CTAGTCTAGACTAG-3' ) and 6 /x 1 of ligation 
buffer I [offoNA ligation kit ver. 2 were added. 

After the ligation reactions, 6 |i 1 each of the reaction mixtures was used 
to transform E. coli DH5a. Ampicillin-resistant transformants were screened 
for clones containing plasmids. DNA structure was analyzed by restriction 
enzyme mapping and by DNA sequencing. The plasmids thus obtained were named 
pSK-OCIF-CBst. pSK-OCIF-CSph. pSK-OCIF-CBsp and pSK-OCIF-CPs.t, respectively. 
(2) Construction of vectors ff or (expressing the OCIF mutants 

pSK-OCIF-CBst, |pSK-OCIF- CSp^, pSK-OCIF-CBsf) and pSK-OCIF-CPst were ' 
digested with restriction enzymes Bam HI and Xho 1. The 1.5 kbToflDNA fragment 
containing^ entire coding sequence for each OCIF mutant was isolated and 
dissolved in 20 /z 1 of sterile distilled water. These DNA solutions that ,> , 
(contai^the Bam Hl-Xhol fragment derived from pSK-OCIF-CBst, [pSKHDCIF- CSpR 
pSK-OCIF-CBsp{andjpSK-OCIF-CPst were designated (asj CBst DNA solution, CSph DNA 
solution, CBsp DNA solution and CPst DNA solution, respectively. One 
microliter of pCEP 4 DNA solution (described in EXAMPLE 22-ii)) and 6 /x 1 of 
either CBst DNA solution, CSph DNA solution, CBsp DNA solution or CPst DNA 
solution were independently mixed with 7 /x 1 of ligation buffer I foflONA 
ligation kit ver. 2 and'^ ligation reactions were carried out. Competent E. 
coli DH5a cells (100 iz 1) were transformed with 7 |x 1 of each ligation 
mixture. Ampicill in-resistant transformants were screened for clones containing 
plasmids in which^cDNA fragment ^s^ inserted between the recognition sites of 
Bam HI and Xho I of pCEP 4 by analyzing the DNA structure. The plasmids 
containing the cDNA encoding OCIF-CBst, OCIF-CSph, OCIF-CBsp(andJ OCIF-CPst 
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were designated (asJpCEP4-0CIF-CBst, pCEP4-^CIF- CSph, pCEP4-0CIF-CBsp and 
pCEP4-0CIF-CPst, respectively. 

v) [Preparetionl of vectors for expressing the OCIF mutants 

E. coli clones harboring the expression vectors for OCIF mutants (total of 21 
clones) were grown and the vectors were purified by' QIAGEN (columnj (QIAGEN) . 
All the expression vectors were precipitated with ethanol and dissolved in 

appropriate .volumes of sterile distilled water and used for further 

^ /i ^nipud ationj- 

IjnanipupationsJ shown below. 

vi) Transient expression of the cDNAs for OCIF^ mutants and biological 
activities of the mutants 

OCIF mutants were produced using the expression vectors prepared in EXAMPLE 
22-v), The method was essentially the same as described in EXAMPLE 13. Only 
the modified points are described below. 24-well plate was used for the DNAj 
[transfectionTl 2X10^ cells of 293/EBNA suspended in IMDM. containing 10% fetal 
bovine serum were seeded into each we 11 of[th^ plate. One microgram of 
purified vector DNA and 4/il of lipofectamine were used for each 
transfection. iMixture of anj expression vector and lipofectamine in OPTI-MEM 
(GIBCO BRL) in a final volume of 0.5 ml was added to the cells Jn a well. After 
the cells were incubated at 37°C for 24 hr in|a CQ^ incubato^, the medium was 
replaced with 0.5 ml of Ex-cell 301 medium (JSR), The cells were incubated 
at 37 °C for[48 mor4 hours in the COg incubate^. The conditioned medium was 
collected and used (for assayf for in vitro biological activity. The nucleotide 
sequences of cDNAs for the OCIF mutants are shown infSEQUENCE NoliB3-103. The . 
deduced amino acid sequences for the OCIF mutants are shown in^QUENCE NO^ 
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62-82. The assay for in vitro biologicar activity was performed as described 
in EXAMPLE 13. Q^ntigen| concentration of each conditioned medium was 
determined by ELISA as described in EXAMPLE 24. Table 14 shows [specificj 
activity of ^e mutantsjrelative to that of the unaltered OCIF. 
Table 14 



mutants activity 



the unaltered OIF 


+ + 


0CIF-C19S 


+ 


0CIF-C20S 


± 


0CIF-C21S 


± 


0CIF-C22S 


+ 


0CIF-C23S 


+ + • 


OCIF-DCRl 


± 


0CIF-DCR2 


± 


0CIF-DCR3 


± 


0CIF-DCR4 


± 


OCIF-DDDl 


+ 


0CIF-DDD2 


+ 


OCIF-CL 


+ + 


OCIF-CC 


+ + 


0CIF-CDD2 


+ + 


OCIF-CDDl 


+ 


0CIF-CCR4 


+ 


0CIF-CCR3 


± 


OCIF-CBst 


+ + 
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OCIF-CSph 
OCIF-CBsp 
OCIF-CPst 



» indicates relative activity »re than 5M of that of the unaltered XIFl 
+ indicates relative activity between lOX and SOX ± indicates relative^ 
activity less than IW, or production level too lo. to determine the accurate 
biological activity_^ 

vii) \we.stern[blot analysis 

Ten microliters of the final conditioned medium was used for western blot 
analysis. Tan microliters of (tL^T^ple were .ixed with 10 .1 of_^SD^^A^ 
sample buffer (0.5 M Tris-HCl, 20X .lycercl. 4« SDS, ^OMg/^llbro^^n 
blue, PH 6.8), boiled for 3 .in. and subjected to CaJO % SDS^olyacryl ..i^^ 
gel electrophoresis under non-reducing conditions. After the electrophoresis, 
the separated proteins .ere blotted to PVDF .e»brane (ProBlott", Perkin El»er) 
using a se™l-dry electroblotter (BIO-RAD). The «e*rane was Incubated at 3TC 
with horseradish g;r^SrT;^^nti-OCIF antibodies for 2 hr. After the 
membrane was washed, protein bands which react with the labeled antibodies 
were detected using^TcL system (Amersham). Two protein bands with approximate 
molecular masses of 60kD and 120kD were^ detected for the unaltered OCIF. On ^ 
the other hand, almost exclusively;'60kD protein band was detected for. 
0CIF-C23S. OCIF-CL and OCIF CC. Protein bands with (an^approximate masses of 
40kD-50kD and 30kD-40kD were the major ones for 0CIF-CDD2 and OCIF-CDDl. 
respectively. These results indicate that Cys at 379. is responsible for the 
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dimer formation, both the monomers and the dimers maintain the biological 

activity and a deletion of residues from Asp at 177 to Leu at 380 does not 

4 residu er ojx 



abolish the biological activity of OCIF (positions of the amino acid ^esare] 

shown in Sequence Noj 4), 
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EXAMPLE 23 
Isolation of human genomic OCIF gene 



i) Screening of a human genomic library 

An amplified human placenta genomic library in Lambda FIX II vector 
I purchased from "STRATAGENEI was screened for the gene encoding human OCIF using 
the human OCIF cDNA as a probe. Essentially, screening was done according 
to the instruction manual supplied with the genomic library. The basic 



protocols described in Molecular Cloning: A Lab6ratorv Manual ^Iso werej 
employed to manipulate phage, E. coli, and DNA . 

The library was titered, and IxlO^ pfu of phage was mixed with XLl-Blue 

APn±0, 

MRA host E. coli cells and plated /onj20 plates (9 cm x 13 cm) with 9 ml per 
plate of top agarose. The plates were incubated overnight at 27X^. Filter 
plaque lifts were prepared using Hybond-N nylon membranes (Amersham). The 
membranes were processed by denaturation in a solution containing L 5 M NaCl 
and 0. 5 M NaOH for 1 minute at room temperature. The membranes were then 
neutralized by placing Successively for one minute eachi in 1 M Tris-HCl 
(pH7, 5) and a solution containing 1. 5 M NaCl and 0. 5 M Tris-HCl (pH 7. 5)^. The 
membranes were then transferred onto a filter paper ^etlwith 2xSSC. Phage 
DNA was fixed^on^the membranes with 1200 /x Joules of UV energy jinJSTRATAL INKER 
UV crosslinker 2400 (STRATAGENE) and the membranes were air dried. The 
membranes were immersed in Rapid Hybridization buffer (Amersham) and incubated 
for one hour at 65 °C before hybridization with ^^P-labeled cDNA probe in the 
same buffer overnight at 65*C Screening probe was prepared by labeling the 
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OCIF cDNA with ^^P using the Megaprime DNA labeling system (Amersham) . 
Approximately, SxlO^cpm probe was used for each ml of hybridization buffer. 
After the hybridization, the membranes were rinsed in 2xSSC for five minutes 
at room temperature. The membranes were then washed four times, 20 minutes 
each time, in 0. 5xSSC. containing 0. 1 % SDS at 65 V. After the final wash, 
the membranes were dried and subjected to autoradiography at -80 *C with SUPER 
HR-H X-ray film (FUJI ^FOTd] FILM Co., Ltd.) and an intensifying screen. Upon 
examination of the autoradiograms, six positive signals were detected. Agar 
plugs were picked from the regions corresponded td these signals, for phage 
purification. Each agar plug was soaked overnight in 0.5 ml of SM buffer 
containing 1% chloroform to extract phage. Each extract containing, phage was 
diluted 1000 fold with SM buffer and an aliquot of [T ml or 20 mil was mixed 
with host E. coli described above. The mixture was plated ^nfagar plates with 
top agarose as described above. The plates were incubated overnight at 37 ^'C, 
and filter lifts were prepared, prehybridized, hybridized, washed and 
autoradiographed as described above. This process of phage purification was 
applied to all six positive signals initially detected on the autoradiograms 
and was repeated until all phage plaques on agar plates hybridize with the cDNA 
probe. After purification, agar plugs of each phage isolate were soaked in 
SM buffer containing 1% chloroform and stored at 4 °C. Six individual phage 
isolates were designated A,0IF3, A0IF8, A,0IF9, AOIFU, ;iOIF12 and ;iOIF17. 
respectively. 

ii) Analysis of the genomic clones by restriction enzyme digestion and 
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Southern blot hybridization 

DNA was prepared from each phage isolate by the plate lysate method as 
described in Molecular Cloning: A Laboratory Manual . DNA prepared from each 
phage was digested with restriction enzymes and the fragments derived from the 
digestion were separated on agarose gels. The fragments were then transferred 
to nylon membranes and subjected to Southern blot hybridization using OCIF 
cDNA as a probe. The. results of the analysis revealed that the six phage 
isolates are individual clones. Among these fragments derived from (th.e^ 
restriction enzyme digestion, those fragments which hybridized with the OCIF 
cDNA probe were subcloned into plasmid vectors and subjected to^hej nucleotide 
sequence analysis as described below. 

iii) Subcloning restriction fragments derived from genomic clones into plasmid 
vectors and (determination of thej[ nucleotide sequence. 

X0IF8 DNA was digested with restriction enzymes EcoRI and NotL-i and the 
DNA fragments derived ^ese fromjwere separated on a 0.7% agarose gel. The 
5.8 kilobase jpairs| (kb) EcoRI/NotI fragment was extracted from the gel using >i 
QIAEX II Gel Extraction Kit (QIAGEN) according to the procedure recommended 
by the manufacturer. The 5.8 kb EcoRI/NotI fragment was ligated with 
pBluescript II SK+ vector (STRATAGENE)^ which had been linearized with 
restriction enzymes EcoRI and NotI, using Ready-To-Go T4 DNA Ligase (Pharmacia) 
according to the procedure recommended by the manufacturer. Competent DH5 a 
E. coli cells (Amersham) were transformed with the recombinant plasmid and 
transformants were selected on L-plates containing 50 /z g/ml of ampicillin. 
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A clone harboring the recombinant plasmid containing the 5.8 kb EcoRI/MotI 

fragment was isolated and this plasmid was termed pBSG8-5. 8. pBSG8-5. 8 was 

digested with Hindlll andVg kb\of3DNA fragment derived from this digestion 

was isolated in the same manner as described above. This 0.9 kb fragment was 
/Wo. 

then clonedQn^pBluescript II SK- at the Hindlll site as described above. This 
recombinant plasmid containing 0.9 kb Hindlll fragment was denoted pBS8H0. 9. 

A.0IF11 DNA was digested with EcoRI and 6 kb, 3. 6 kb, 2.6 kb EcoRI 
fragments were isolated in. the same manner as described above and cloned^in^'*^^^^ — ^ 
pBluescript II SK+ vector at the EcoRI site as described above. These 
recombinant plasmids were termed pBSGll-6, pBSGll-3.6, and pBSGll-2. 6, 
respectively. pBSGll-6 was digested with Hindlll and the digest was ^pli^] 
on a 0. 7 % agarose gel. Three fragments, 2. 2 kb, 1, 1 kb, and L 05 kb in 
length, were extracted from the gel and cloned independently ^n| pBluescript 
II SK- vector at the Hindlll site in the same manner as desc|:ibed above. These 
recombinant plasmids were termed pBS6H2. 2, |^BS6 HI. fj and pBS6Hl. 05, 
respectively. ^ 

A 

The nucleotide sequence of the cloned genomic DNA was determined using ABI 
Dyedeoxy Terminator Cycle Sequencing Ready Reaction Kit (PERKIN ELMER) and'' 
373A DNA Sequencing system (Applied Biosystems). Plasmids pBSG8-5. 8, 
PBS8H0.9, pBSGll-6, pBSGll-3.6, pBSGll-2.6, pBS6H2, 2, pBSGHl, 1 and pBSGHl. 05 
were prepared according to the alkaline-SDS procedure as described in 
Molecular Cl onine: A Laboratory Manual and used as templates for DNA 
sequence analysis. (Nucleotide j sequence of the human OCIF gene (wasTpresented 
in^equence N^ 104 and|Sequence No|l05. The nucleotide sequence of the DNA, 
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b.t..en exon 1 and axon 2 .as not entirely deten.ine.1. There 1= -ggj^-f 
approximately 17 Ub §f nucleotidegbefeen the secuences given in g^^cj No. 
104 and [sequence[ No. 105. 

EXAMPLE 24 

Quantitation of OCIF by EIA 

i) Preparation of anti-OCIF antibody 

Male JW rabbits (Kitaya.a LABES Co.. LTD) weighing 2.5-3.0 kg were used 
CfS^ization for preparing antisera. ^hre. .ale JW rabbits (Kitaya^^ 

^ X . . • 0 K--^ n were used for immunization.! For 

VlABES Co.. LTD) weighing 2.5-3.0 kg were use _j 

ionization; tS^Uion .as prepared by ™ixin. an e,nal volume of rglP^UOO 

and complete Freund' s adjuvant (Ditoo, Cat. 0638-60-7). 
.ere i™unized suboutaneously six ti^s at ©.e interval o^ one .eeU'.Uh 1 „1 
o( emulsion per injection. £be rabbits .ere injected six ti»s at the interval] 
Q seven days subcutaneously.J «.ole .bU,o^.as obtained ten days after the 
final i«uni.ation and ser« .as gepar^-JI^-Tntihody .as purified from serum 
.s foUo.s. Antiserum .as diluted --fold^. After addin. ammonium 
sulfate at a final concentratipno^O .Tv^Sjli^erum was allowed to stand 
at 4 ^ for I hr.f Pr;cfeSuf^ned b, centrifugation at 8000 x g for 20 
min «as dissolved in a small volume of PBS and ™s dialyzed against PBS. The 
tresiltiifS^tion .as loaded onto a Protein 0-Sepharose column (Pharmacia). 
„ter .ashing .ith PBS, absorbed ^«no^^}ij^O^^^ .ith 0.1 M 
glycine-HCL buffer (pH 3.0). ^X^^Jf^ neutralii^T.ith 1.6 M Tris-HCL 
buffer (pH 8.7) (i^ediatel, and^^ dialyzed against PBS. Protein 
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concentration was determined by absorbance at 280nra (E** 13.5). 

Horseradish [peroxidase labeled} antibody was prepared using^ ImmunoPure 
Maleimide Activated Horseradish Peroxidase Kit (Pierce, Cat. 31494). Briefly, 
one mg of IgG was incubated with 80 ug of N-succinimidyl-S-acetylthioacetate 
for 30 rain After deacetylation with 5 mg of hydroxy lamine HCl, modified IgG 
wasfsepa?itidb^polyacrylamide desalting column. iProtein pooU mixed with one 
mg of fmaleimide activatedj horseradish peroxidase ^asj incubated at room 
temperature for 1 hr. 

ii) Quantitation of OCIF by sandwich EIA 

Microtiter plates (Nunc MaxiSorp Immunoplate) were coated with 
rabbit anti-QCIF IgG by incubating 0.2 ug in 100 ul of 50 mM sodium 
bicarbonate buffer pH 9. 6 at gc} overnight. After blocking the plates by 
incubating for 1 hour at ^TC with 300 ul of 25% BlockAce/PBS (Snow Brand Milk 
Products ), 100ul(of]samples were incubated for 2 hours at room temperature. 
After washing the plates three times with PBST (PBS containing 0. 05% Tween20) , 
100 ul of i: 10000 diluted horseradishfperoxidase labeled] anti-OCIF IgG was 
added and incubated for 2 hours at room jteroperturej. The amount of OCIF was 
determined by incubation with 100 ul of a substrate solution (TMB, ScyTek 
Lab. , Cat. TM4999) and measurement of the absorbance at 450 nm using an 
ImmunoReader (Nunc NJ2000). Purified recombinant OCIF was used as a standard 
protein and a typical|standared^curve(was| shown in Fig. 13. 



EXAMPLE 25 
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Anti-OCIF monoclonal antibody 

A — 

i) Preparation of hybridoma producing anti-OCIF monoclonal antibody. 

QCTP was purified to homogeneity from culture medium of human fibroblasts, 
IMR-90 by the purification method described in ^EarapleJ 11. Purified OCIF was 
dissolved in PBS at a concentration of 10 /zg/100 /z 1. BALB/c mice were 
immunized by jadministratingjthis solution intraperitoneal ly three times every 
two weeks. In the first and the second immunizations, the emulsion" composed 
of an equal volume of OCIF and Freund' s complete adjuvant [was administered 
Three days after the final |adrainistratiod^ the^ spleen was (taken outT^ 
lymphocytes jwerej isolated and fused with mouse myeloma p3x63-Ag8. 653 cells 
according to (the conventinal methodf using polyethyleneglycoL Then the fused 
cells were cultured in HAT medium to select[hybridor^, jSubsequently, to checkl 
Jwhether the selected hybridomas produce anti-OCIF antibody^] ahti-QCIF antibody 



in 



^achj culture medium of ^ybridomasf was determined by solid phase ELISAfwhich] . 



Iwas prepared by coating each well jinlQe-weUQmrnunoplates/ (Nunc)\ith 100/^1 
of purified OCIF (lOMg/ml in 0. 1 M NaHCOg) and[by blocking each welV with 50% 
BloekAce (Snow Brand Milk Products Co. Ltd.). The hybridoma clones secreting 
anti-OCIF antibody were established^ cloning 3-5 times by limit dilution? 
and by^creening using the abovej solid phase ELISAI Among thus obtained! 
hybridoma clones, several hybridoma clones with high production of anti-OCIF^ 
antibody were selected. 



ii) Production of anti-OCIF monoclonal antibodies. 

Each hybridoma clone secreting anti-OCIF antibod^^ which wasj obtained in 
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EXAMPLE 25-iJ^,^was transplanted intraperitoneally [to] mice given Pristane 

(Aldrich),at a cell density of 1 x lO'' cells/mouse. The accumulated ascites 
i- ^ ■ f-ni/^spla.n inxio n> Th 're by t h-f-a ,ntn^ 

was collected 10 - 14 days after \the transplantation and the ascites containing] 
anti-OCIF specific monoclonal antibody of the present invention[was obtainej 
Purified antibodies were obtained by Affigel protein A Sepharose 

chromatography (BioRad) according to theCmaufacturer'J manual, (jhat ij the 

ascites'w^diluted with*equal volume of a binding buffer (BioRad) and applied 

to* protein A column. The column was washed with a- sufficient volume ofQhe] 

binding buffer and eluted with ,an elution buffer (BioRad). After 

„ dua-ire jh^o-ioeS 

neutralizing, thegbtained eluat^ was dialyzed in water and subsequently 
lyophilized. The purity of the^btained antibod^ was analyzed by SDS/PAGE and 
a homogenous band with a molecular weight of about 150, 000 was detected. 

iii) Selection of monoclonal ^ntibodyj having high aff inity[to\OCIF 

Each antibody obtained in EXAMPLE 25-1 i) was dissolved in PBS and the 
[Concentration of protein inthe solution) was determined by the method of 
Lowry. Each antibody solution(witgthe same concentration|>as prepared] and 
then serially diluted with PBS. Monoclonal antibodies, which can recognize 
OCIF even at highly {diluted solutioij, were selected by solid phase ELISA 
described in EXAMPLE 25-ii). Thus, three monoclonal antibodies A1G5, E3H8 and 



D2F4|^an be|^ selected. 

iv) Determination of class and subclass of antibodies 
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The class and subclass of the antibodies of the present invention 
obtained in EXAMPLE 25-iii) were analyzed using an inmiunoglobulin class and 
subclass analysis kit (Amersham). The procedure was carried out according to 
the (protocol disclosed'in th^ directions. The results jwerej shown in Table 15. 
The antibodies of the present invention, E3H8, A1G5 and D2F4 belong to IgG,, 
IgGj, and IgG^t, respectively. 
Table 15 

Analysis of class and subclass of the antibodies[^in]the present invention. 



Antibody 


IgG, 




IgG^b IgG, 


IgA IgM 


K 


A1G5 




+ 






+ 


E3H8 


+ 










D2F4 






+ 




+ 



v) ^eterminatio^ of OCIF by ELISA 

Three kinds of monoclonal antibodies, A1G5, E3H8 and d2F'C which were] 
obtained in EXAMPLE [25-iv^^ were used as solid phase antibodies and 



enzyme-labeled antibodies, respectively. Sandwich ELISA was constructed by 
feach combination! of solid phase antibody and labeled antibody. The labeled 
antibody was prepared using* Immune Pure jMaleimide Activate^ Horseradish 
Peroxidase Kit (Pierce, Cat. No. 31494). Each monoclonal antibody was 
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dissolved in 0. 1 M NaHCO, at a concentration of 10 ix g/ml, and 100 fx 1 of the 

solution was added to each wellQ.nj96-well immunoplate§^(Nunc, MaxiSorp Cat. 
No. 442404) followed by allowing*to stand at room temperature overnight. 
Subsequently, each well QnJ the plates was blocked with 50% Blockace (Snow 
Brand Milk Products, Co., Ltd.) at room temperature for 50 minutes, and^henj 
l^asj washed three times with PBS containing 0.1% Tween 20 (washing buffer). 

A series of concentrations of OCIF. was prepared by diluting OCIF with 1st 
reaction buffer (0.2 M Tris-HCl[bufeA pH 7,4, containing 40% Blockace and 
0.1% Tween 20). Each wellQn^ 96-well [Immunoplate^^ivas filled with 100^1 of * 
the prepared OCIF solution with each concentration, allowed to stand at 37 ''C 
for 3 hours, and subsequently washed three times withjjhej washing buffer. j^For^ 
l^ilution of POD-labeled antibody, 2nd reaction buffer (0. 1 M Tris-HCl bufferT^ 
1 pH 7.4, containing 25% Blockace and 0.1% Tween 20) was used.] ^ POD-labeled w 
antibody was diluted 400-fold with 2nd reaction buffer, and 100 jil of the ^^i^l^LL?^ 
diluted solution was added to each well^inj the immunoplates. EachQmunoplateJ " Tbgc n 
was allowed to stand at 37.°cQfor 2 hours, and subsequently washed three 
times with{the^ washing buffer. After washing, 100 /i 1 of a substrate solution 
(0.1 M citrate-phosphate buffer, pH 4.5, containing 0.4 mg/ml of 
o-phenylenediamine HCl and 0.006% Hjd^) was added to each weir[^inT the 
immunoplates and the immunoplates [werej incubated at 37°C for 15 min. The 
enzyme reaction was terminated by adding 50 /z 1 of 6 N HjSO^ to each well. The 
optical density of each well was determined at 492 nm using an immunoreader 
(ImmunoReader NJ 2000, Nunc). p 

Using three[kinds o^ monoclonal^ntibody injthe present invention, each 
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combination of solid phase and POD-labeled antibodies leads to[V]accurate 
determination of OCIF'! Each monoclonal antibody (inj the present invention was 
confirmed. to recognize a different epitope of OCIF, A typical standard curve 
of OCIF using a combination of solid phase antibody, A1G5, and POD-labeled 
antibody, E3H8 (was\ shown in Fig. 14. 



vi) Determination of OCIF in human serura 

{^oncentratioS[ of OCIF in five samples of normal human serum was 
determined using an EIA system described in EXAMPLE 25-v). The immunoplates 
were coated with A1G5 as described in EXAMPLE 25-v), and 50 1 of 1st. reaction 
buffer was added to each well [In^ the immunoplates. Subsequently, 50 /zl of 
each human serum was added to each wellQnJthe ^piunoplate^. The immnuoplates 
were incubated at 37*^0 for 3 hours andj^enj washed three times withj^he] washing 
buffer. After washing, each wellfinl tTie immunoplates was filled with 100 /il 
of P0D-E3H8 antibody diluted 400-fold with 2nd. reaction buffer and incubated 
at 37°C for 2 hours. After washing the immunoplates three times withj^hel^ 
washing buffer, 100 /z 1 of the substrate solution described in EXAMPLE 25-v) 
was added to each well and incubated at 37*C for 15 min. The enzyme reaction^ 
was terminated by adding 50 1 of 6 N HgSO^ to each well (in\ the 
immunoplates. The optical density of each well was determined at 492 nm using 
an immunoreader (ImmunoReader NJ 2000, Nunc). 

1st, reaction buffer containing the known amount of OCIF was treated in the 
same way and a standard curve of OCIF as shown in fig. 2 was obtained. Using 
the standard curve of OCIF, the amount of OCIF in human serum ^amplej was 
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determined. The results were shown in Table 14. 
Table 14 

The amount of OCIF in normal human serum 



Serum Sample OCIF Concentration (ng/ral) 

1 5. 0 

2 2. 0 

3 1. 0 

4 3.0 

5 1. 5 



EXAMiPLE 26 

Therapeutic effect on osteoporosis 

(1) Method , \ ^ \/> LUe 
Male^ Fischer rat^ 6 weeks-ol^ were subjected to denervation of left 
forelimb. These rats were assigned to four groups (10 rats/group) and treated 
as follows ; group A, sham operated rats without administration ; group B, 
denervated rats with jTntravenous administration of vehicQ ; group C, 
denervated rats Jadministered OCIFI intravenously at a dose of 5 m g/kg twice 
a day ; group D, denervated rats Administered OCIFJ intravenously at a dose of 
50 /I e/kg twice a day. After denervation, OCIF was administered daily for 14 
days. After 2 weeks treatment, the animals were sacrificed and their 
forelimbs were dissected. Thereafter bones were tested for mechanical 
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Strength, 

(2) Results ^ / . ^ ' 1^ 

^ hd^rcu^t m ^ go/if r^l anifnais 

^ecrease of^bone strength was observed in|the animals of control groupsj 
as compared to those animals of the normal groups while bone strength was 
increase in the^roups^of janimafj received 50 mg of OCIF per kg body weight. 



Industrial availability 

The present invention provides both a novel protein which inhibits'*"" 

formation of osteoclasts and (^^* efficient procedure [to produc^ the protein. 

The protein of the present inventionjjias an activity to inhibitj formation of 

osteoclasts. The protein will be useful for the treatment of many diseases 
^ ac.coryi£aj2icAl^^ ^ -h pre tax ^ ^/nf . bc^r/jg ji , 

C " '-\ t7s<^2^^__ 
accompanyingl bone loss, such as osteoporosis, and as an antigen to be usecv for 

the immunological diagnosis of such diseases. 

-7^ rt^icroA/C|/?i^ \^nA 
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